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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a thin electrode catalyst layer with high catalyst utilization 
efficiency and high output performance by restraining deterioration of performance due to coating defect 
in forming an electrode catalyst layer and a cost hike due to complicated processes. 

SOLUTION: The electrode catalyst layer has a catalyst-polymer complex composed of at least a catalyst 
layer and a polymer integrally constructed with a holding layer composed of a porous conductive sheet 
and/or non- conductive cloth, with thickness of 50 i m or less. 
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♦ NOTICES* 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrode catalyst bed whose thickness it has the structure with which an electrode 
catalyst the catalyst-polymer complex which consists of polymers, and ****** which comes to have a 
porosity electric conduction sheet and/or a non-conductive textile were united at least, and is 50 
micrometers or less. 

[Claim 2] The electrode catalyst bed according to claim 1 whose porosity electric conduction sheet is the 
thing of the textile-fabrics structure using inorganic conductivity fiber, or non-woven fabric structure. 
[Claim 3] The electrode catalyst bed according to claim 1 whose non-conductive textile is the thing of the 
textile-fabrics structure using fiber, or non-woven fabric structure. 

[Claim 4] The electrode catalyst bed according to claim 2 whose inorganic conductivity fiber is a carbon 
fiber. 

[Claim 5] The electrode catalyst bed according to claim 3 which is fiber for which the fiber of a non- 
conductive textile comes to contain a fluorine atom. 

[Claim 6] The electrode catalyst bed according to claim 1 to 5 by which it comes to fill up catalyst- 
polymer complex all over the opening of ******. 

[Claim 7] The electrode catalyst bed according to claim 1 to 6 which is the sheet with which the gestalt of 
an electrode catalyst bed can become independent. 

[Claim 8] The electrode catalyst bed containing the element more than a kind chosen from the group which 
an electrode catalyst becomes from platinum, palladium, gold, a ruthenium, and iridium according to claim 1 
to 7. 

[Claim 9] The electrode catalyst bed according to claim 1 to 8 which is carbon black with which the 
electrode catalyst supported the catalyst. 

[Claim 10] The electrode catalyst bed according to claim 1 to 9 which is the polymer in which a polymer 
contains a fluorine atom. 

[Claim 11] The electrode catalyst bed according to claim 1 to 10 which is the polymer in which a polymer 
has a proton exchange group. 

[Claim 1 2] The manufacture approach of the electrode catalyst bed according to claim 1 to 1 1 
characterized for the liquid containing catalyst-polymer complex or its precursor by to sink in or carrying 
out coating at a porosity electric conduction sheet or a non-conductive textile. 

[Claim 1 3] Film-electrode complex which consists of an electrode catalyst bed according to claim 1 to 1 1, 
and the proton exchange film and an electrode substrate. 

[Claim 1 4] Film-electrode complex according to claim 1 3 with which the proton exchange film comes to 
have a fluorine atom content polymer. 

[Claim 15] Film-electrode complex according to claim 14 which is the polymer which comes to have the 
fluoro alkyi ether side chain with which a fluorine atom content polymer has a sulfonic group, and a fluoro 
alkyi principal chain. 

[Claim 16] Film-electrode complex according to claim 13 to 15 whose electrode substrate is a porosity 
electric conduction sheet. 

[Claim 1 7] Film-electrode complex according to claim 1 6 whose porosity electric conduction sheet is the 

textile-fabrics structure or non-woven fabric structure using inorganic conductivity fiber 

[Claim 1 8] Film-electrode complex according to claim 1 7 whose inorganic conductivity fiber is a carbon 

fiber. 

[Claim 19] The manufacture approach of the film-electrode complex characterized by arranging the proton 
exchange film between two electrode catalyst beds according to claim 1 to 1 1 , making the electrode 
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catalyst bed which pinched s^i^aroton exchange film pinch between tv^^ectrode substrates, and joining. 
[Claim 20] Electrochemistry ^^^ment using an electrode catalyst bec^^Pording to claim 1 to 11. 
[Claim 21] Electrochemistry equipment using film-electrode complex according to claim 13 to 18. 
[Claim 22] Water electrolysis equipment using an electrode catalyst bed according to claim 1 to 1 1 , 
tci aim 23] Water electrolysis equipment using film-electrode complex according to claim 1 3 to 1 8. 
[Claim 24] The fuel cell using an electrode catalyst bed according to claim 1 to 1 1 . 
{Claim 25] The fuel cell using film-electrode complex according to claim 1 3 to 18. 

[Claim 26] The fuel cell according to claim 24 or 25 using a solid-state macromolecule mold electrolyte. 
[Claim 27] The mobile which makes a fuel cell according to claim 24 or 25 a power source of supply. 
[Claim 28] The automobile which makes a fuel cell according to claim 24 or 25 a power source of supply. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPl are not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original precisely. 
• 

2.*=i«** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrodes or film-electrode complex which are used 

for a fuel cell or various electrochemistry equipments, and those manufacture approaches. 

[0002] 

[Description of the Prior Art] A fuel cell is the low power plant of the burden to an environment at low 
excretions and high energy effectiveness. For this reason, it is in the limelight again in the rise to earth 
environmental protection in recent years. Compared with the conventional large-scale generation-of- 
electrical-energy facility, it is the power plant expected also in the future as power plants of a mobile, such 
as a comparatively small-scale distributed generation-of-eiectrical-energy facility, an automobile, and a 
marine vessel. 

[0003] There is a class of a solid-state macromolecule mold, a phosphoric-acid mold, a solid acid ghost 
mold, a melting carbonate mold, alkali mold. etc. of fuel cells according to the class of electrolyte used. 
Especially, compared with other fuel cells, warm-up time of an operating temperature is short at low 
temperature, and a polymer electrolyte fuel cell has the descriptions which high power tends to acquire, 
like that it can count upon small lightweight-ization, and it is strong to an oscillation, and fits the power 
supply source of a mobile. 

[0004] The fuel cell is constituted considering the eel into which the electrolyte used as the anode with 
which the reaction which bears a generation of electrical energy occurs, the electrode of a cathode, and an 
anode and the ion conductor between cathodes was inserted with the separator between each as a unit. 
The electrode consists of acceleration of gaseous diffusion, an electrode substrate (it is also called a 
charge collector) which performs ** **, and an electrode catalyst bed which serves as an 
electrochemical reaction field actually. For example, in the anode electrode of a polymer electrolyte fuel 
cell, fuel gas reacts on a catalyst front face, a proton and an electron are produced, an electron is 
conducted to an electrode substrate, and a proton is conducted to the electrolytic proton exchange film. 
For this reason, it is required for an anode electrode that gaseous diffusion nature, electronic conductivity, 
and ionic conduction nature should be good. On the other hand, in a cathode electrode, the proton which 
oxidation gas has conducted from the electrolyte on the catalyst bed front face, and the electron 
conducted from the electrode substrate react, and water is generated. For this reason, it is also necessary 
to discharge efficiently the water generated with gaseous diffusion nature, electronic conductivity, and 
ionic conduction nature. 

[0005] From such a point, in the electrode substrate (charge collector), it had conductivity, and the good 
porosity electric conduction sheet of gas permeability has been used. Although gas permeability was good, 
when such a porosity electric conduction sheet carried out coating of the electrode catalyst bed on the 
sheet, the phenomenon in which the catalyst coating liquid into a hole permeated was seen. Since proton 
conductivity falls since the catalyst which permeated has distance with the proton exchange film, and the 
thickness of a catalyst bed becomes thick, the diffusibility of gas serves as a defect. For this reason, the 
catalyst which is not used effectively will increase according to this catalyst **** lump phenomenon. Since 
the catalyst of noble metals is used in a fuel cell, that the catalyst which is not used effectively increases 
leads to the cost rise of an electrode. Especially a polymer electrolyte fuel cell has the high expectation for 
an automotive application. Cost also serves as an important factor with the engine performance at 
adaptation in an automotive application. If low cost-ization is made, as for the current polymer electrolyte 
fuel cell, much more spread is expected. 

[0006] For this reason, the electrode with few catalyst lumps is called for. and various proposals were 
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made. For example. JPJ0-26^MA WO 98/27606. JP.7-7861 7.A. and^^c** Na 501541 [ nine to ] 
official report, JP.10-92439.A^^r10-92440.A, etc. are indicated as a vvSKnown example, such as filling up 
the opening of a porous electrode substrate with a carbon particle, and preparing a catalyst **** lump 
gontrol layer in an electrode substrate front face. 

[0007] Moreover, they are J.EIectrochem.Soc, 139. L28 (1992). and Electrochemica as a well-known 
example of imprinting on the film, after applying to the coating base material which prepares an electrode 
catalyst bed on the proton exchange film, without applying to a porous electrode substrate. Acta, 40,355 
(1995). J.Appl.Electrochem.. 22. 1 (1992). etc. are indicated. 
[0008] 

[Problem(s) to be Solved by the Invention] In the above-mentioned proposal, although the permeate lump 

of the catalyst bed to an electrode substrate was controlled, it had had the adverse effect on the fuel cell 

engine performance. In approaches, such as filling up the opening of a porous electrode substrate with a 

carbon particle, and preparing a catalyst **** lump control layer in an electrode substrate front face. 

gaseous diffusion nature, such as a steam for hydrogen, air, or humid'rfication, will be checked, buildup of 

diffusion polarization or activation polarization will be caused, and loss of power will be caused. 

[0009] Moreover, in the approach of imprinting on the film, after preparing or applying an electrode catalyst 

bed to a coating base material on the proton exchange film, without applying to a porous electrode 

substrate, the special process was needed in order to suppress swelling of the proton exchange film by 

catalyst coating liquid, it has a complicated process and there was a problem that cost started. 

[001 0] The above-mentioned technical problem is solved, the high power engine performance is discovered, 

and the utilization effectiveness of this invention of a catalyst improves, and it aims at the low cost-ized 

electrode by the amount reduction of catalysts being obtained. 

[0011] 

[Means for Solving the Problem] In this invention, in order to solve the above-mentioned technical problem, 
it has the following configuration. 

[0012] That is. the electrode catalyst bed of this invention has the structure with which an electrode 
catalyst, the catalyst-polymer complex which consists of polymers, and ****** which comes to have a . 
porosity electric conduction sheet and/or a non-conductive textile were united at least, and is 
characterized by thickness being 50 micrometers or less. 
[001 3] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of this invention is explained. 
[0014] This invention has the structure with which ****** (only henceforth "******") which consists of 
an electrode catalyst, the catalyst-polymer complex which consists of polymers, a porosity electric 
conduction sheet, and/or a non-conductive textile at least was united, and is characterized by thickness 
being 50 micrometers or less, and ****** and the electrode catalyst which are used here, especially a 
polymer, etc. are not limited. 

[0015] In this invention, it is the description to have the structure with which catalyst-polymer complex 
and ****** were united. The united structure as used in the field of here has pointed out the condition 
that catalyst-polymer complex exists in the front face or the opening inner surface of ****** or the 
condition of filling up with catalyst-polymer complex all over the opening of ******, and the condition that 
catalyst-polymer complex has covered ******. Moreover, the need of existing in homogeneity at the whole 
****** does not have catalyst-polymer complex in the thickness direction, and where one side is 
approached, you may exist. However, existing in homogeneity is desirable in the direction vertical to the 
thickness direction of a field, i.e.. the direction. 

[001 6] When the porosity conductive liner sheet of ****** consists of inorganic conductivity fiber like the 
after-mentioned, the condition that catalyst-polymer complex exists in the clearance between fiber and 
fiber, the condition which exists in the surroundings of fiber, the condition of existing in the confounding 
point of fiber and fiber, etc. are the united structures. 

[001 7] The electrode catalyst bed of this invention differs from the case (that is. the condition from which 
are independently separated of ****** and catalyst-polymer complex, the condition that the layer of 
catalyst-polymer complex can be divided from ******) where catalyst-polymer complex and ****** are 
not one. Since it is the same as the gestalt of the film-electrode complex (MEA) which will be in the 
condition which prepared the electrode catalyst bed on the electrode substrate which consists of a 
porosity electric conduction sheet when it was not one. or the condition of having joined the proton 
exchange film which prepared the electrode catalyst bed to the electrode substrate which consists of a 
porosity electric conduction sheet, and consists of the conventional electrode substrate-electrode catalyst 
bed-proton exchange film, it differs from the embodiment of this invention. 

http:// www4.ipdl.ncipi.go.jp/cgi-bin/tran.web_cgi_eije 05/01 /1 9 



3/25 ^—V 



[0018] In this invention, it is the^j^cription that the thickness of an elecjMde catalyst bed is 50 
micrometers or less, and the el^^Bde catalyst beds with which a 1 00-3^^Picrometer electrode 
substrate and catalyst-polymer complex were united in the conventional phosphoric acid fuel cell differ 
fijndamentally. Although a polymer electrolyte fuel cell requires that it should be the description that high 
power is obtained and for that it should make internal resistance of a fuel cell low, it is also important to 
suppress lowering of the electrical potential difference by the activation polarization in a low current region 
and lowering of the electrical potential difference by diffusion polarization in a high current region. The one 
where the thickness of an electrode catalyst bed is thinner is desirable also for suppressing which 
polarization, and it is needed for it from this point that the thickness of the electrode catalyst bed of this 
invention is 50 micrometers or less. 30 micrometers or less are 20 micrometers or less more preferably. 
However, the thing a press performs [ thing ] thin film-ization for a non-conductive textile like the after- 
mentioned. Or since some press processes are performed, pressing, after unifying catalyst-polymer 
complex and a non-conductive textile, pressing an electrode substrate, an electrode catalyst bed. and the 
proton exchange film in film-electrode complex creation time further, etc. It becomes the description of 
this invention that the thickness of the electrode catalyst bed when being used eventually is 50 
micrometers or less. 

[0019] In this invention, the thickness of an electrode catalyst bed can be checked by scanning electron 
microscope (SEM) observation of an electrode cross section. When it is a metaled electrode catalyst, an 
electrode catalyst bed is using together SEM and X-ray microanalysis (XMA) (SEM-XMA), and can be 
asked for the thickness of an electrode catalyst bed. It is possible to ask for the thickness of an electrode 
catalyst bed by various technique, without being especially limited besides above-mentioned SEM or 
above-mentioned SEM-XMA. Since it is the sheet with which the gestalt of an electrode catalyst bed can 
become independent especially, measuring with the usual thickness meter is possible. 
[0020] Since it is the description that catalyst-polymer complex is united with the electrode 

catalyst bed of this invention serves as an embodiment also with desirable it being also the sheet with 
which the gestalt of an electrode catalyst bed can become independent. The conventional electrode 
catalyst bed was created by the approach of establishing on the electrode substrate which consists of a 
porosity electric conduction sheet as mentioned above, or the approach of establishing on the proton 
exchange film. For this reason, electrode catalyst beds were that completion or before to an electrode 
substrate or the proton exchange film, and one. It is the description that the electrode catalyst bed of this 
invention may exist independently from an electrode substrate or the proton exchange film since catalyst- 
polymer complex is united with That is, **5l«Mc:ic has played a role of a core, and when this *=Mc3|cjcajc 
carries out on-the-strength maintenance, that gestalt can be maintained as the sheet of an electrode 
catalyst bed of this invention with which a gestalt can become independent, i.e.. other sheet and 
laminatings and sheets which became independent even if not joined, and it becomes the sheet which that 
component does not separate and disassemble in self-weight extent. However, in case the electrode 
catalyst bed of this invention is applied to various electrochemistry equipments, it is joined to an electrode 
substrate or the proton exchange film, and has become film-electrode complex (MEA). and this distinction 
of whether in the state of MEA. that gestalt of an electrode catalyst bed is already an independence sheet 
is difficult. 

[0021] As ****** used for this invention, electric resistance is low and it is possible to use without being 
limited especially if it is the structure of having the opening of the penetration which a gas tends to 
penetrate. As a component of the porosity electric conduction sheet of ******, that which is mainly 
concerned with conductive mineral matter is mentioned, for example, and carbon material, such as a baking 
object from a polyacrylonitrile, a baking object from a pitch, a graphite, and expanded graphite, a stainless 
steel, molybdenum, titanium, etc. are illustrated as this conductive mineral matter, the case where 
especially the gestalt of conductive mineral matter is used for the electrochemistry equipment which uses 
a gas for an electrode active material like a fuel cell although the shape of fibrous or a particle etc. is not 
limited — the fibrous conductivity mineral matter (inorganic conductivity fiber) from the point of gas 
permeability — especially a carbon fiber is desirable, as the porosity electric conduction sheet using 
inorganic conductivity fiber about ****** — textile fabrics or a nonwoven fabric — any structure is 
usable. Especially as textile fabrics, plain weave, twill weave, satin, a brocade, figured brocade, etc. are 
used, without being limited. Moreover, especially as a nonwoven fabric, a paper^making method, the needle 
punch method, the span bond method, the water jet punching method, the melt blowing method, etc. are 
used, without being limited. Moreover, you may be knitting. In these textiles, when especially a carbon fiber 
is used, after [ which twists the textile fabrics which carbonized or graphitized the plain weave fabric using 
fire resistance-ized spun yam, and fire resistance-ized yam by the needle punch method, the water jet 
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punching method, etc. ] carryinj^^t nonwoven fabric processing, the ma|«finwoven fabric by the paper- 
making method using the nonw^^B fabric, the fire resistance-ized yam.^^Ponization yam, or 
graphitization yam carbonized or graphitized etc. is used preferably. The point that the textile which has 
reinforcement thinly especially is obtained to a nonwoven fabric is desirable. 

[0022] As eyes of the porosity electric conduction sheet of ****3Mf, when made from inorganic conductivity 
fiber, especially a carbon fiber, it is desirable that it is 1 - 30 g/m2. In less than two 1 g/m, the 
reinforcement of a porosity electric conduction sheet becomes low. The porosity electric conduction sheet 
exceeding 30 g/m2 becomes thick, and the engine performance as an electrode catalyst bed falls. 
[0023] As for the electric resistance of the porosity electric conduction sheet of **3Wc**, it is desirable 
that they are. two or less 50 ohm-cm as sheet resistivity of the sheet thickness direction. It is two or less 
100m ohm-cm further more preferably two or less 1 ohm-cm more preferably. When resistance is high, and 
especially a porosity electric conduction sheet is thick, the engine performance in an electrode catalyst 
bed falls. 

[0024] Measurement of the electric resistance R of the porosity electric conduction sheet of ****** is 
performed by the following approach. Two test electrode plates which copper foil with width of face of 
50mm. a die length [ of 200mm ], and a thickness of 0.1mm stuck on one side of the vitrified charcoal blank 
which has the flat surface where a front face with width of face of 50mm. a die length [ of 200mm ]. and a 
thickness of 1 .5mm is smooth are prepared. Uniform spacing is kept substantial and the fields of a vitrified 
charcoal blank make two test electrode plates counter. The terminal for electrical potential differences is 
prepared for the terminal for currents in each end of two test electrode plates at each other end. The 
porosity electric conduction sheet with a diameter of 46mm cut down circularly is inserted in said gap, and 
it lays in the center section of two test electrode plates, A test electrode plate moves so that the 
pressure of 0.98MPa(s) may be made to act on the laid sheet. The current of 1 A is passed between two 
test electrode plates from the temninal for currents. With the temiinal for electrical potential differences, 
electrical-potential-difference [ at this time ] V (V) is measured. From the value of the measured electrical 
potential difference V, Resistance R (momega and cm2) is calculated by the degree type. 
R=Vx2.3x2.3xpix1 000 — here, pi is a circular constant 

[0025] When the inorganic conductivity fiber which consists of a carbon fiber is used as a porosity electric 
conduction sheet of ******, as a carbon fiber, a poly aery Ion itrile (PAN) system carbon fiber, a phenol 
system carbon fiber, a pitch based carbon fiber, a rayon system carbon fiber, etc. are illustrated. Especially, 
a PAN system carbon fiber is desirable. As for a PAN system carbon fiber, compared with a pitch based 
carbon fiber, whenever [ compressive-strength and **** breaking extension ] is large, and it cannot break 
easily. This is considered to be based on the difference of crystallization of the carbon which constitutes a 
carbon fiber. In order to obtain the carbon fiber into which it is hard to break, the heat treatment 
temperature of a carbon fiber has desirable 2,500 degrees C or less, and its 2,000 degrees C or less are 
more desirable. 

[0026] As for the diameter of the inorganic conductivity fiber used for the porosity electric conduction 
sheet of ******, it is desirable that it is 20 micrometers or less. 12 micrometers or less are more desirable 
and 8 micrometers or less are still more desirable. If the diameter of fiber is thick, the thickness of a 
porosity electric conduction sheet will become thick, and the electrode engine performance will fall. 
[0027] The porosity electric conduction sheet of ****** is an embodiment also with desirable also 
performing partial hydrofuge ** hydrophilic processing for forming the exhaust passage of a water-repellent 
finish which prevents the gaseous diffusion and the penetrable lowering by stagnation of water and which is 
performed for accumulating, and water, addition of carbon powder performed in order to lower resistance. 
[0028] It is possible to use without being limited especially if it is the structure of having the opening of the 
penetration which a gas tends to penetrate as a non-conductive textile used for ****** of this invention. 
It is used without being limited as a component of a non-conductive textile, for example, especially if it is 
non-conductive fiber. 

[0029] As non-conductive fiber which constitutes the non-conductive textile of ****** A 
polytetrafluoroethylene (PTFE) and tetrafluoroethylene-hexafluoro ethylene copolymer (FEP), A 
tetrafluoroethylene-perfluoroalkyi vinyl ether copolymer (PFA). A tetrafluoroethylene-ethylene copolymer 
(ETFE), polyvinylidene fluoride (PVDF), The Pori vinyl fluoride (PVF), polychlorotrifluoroethylene resin 
(CTFE). chlorinated polyethylene, a fire resistance-ized poly aery Ion itrile. a polyacry Ion itrile, polyester, a 
polyamide, polyethylene, especially polypropylene, etc. are usable, without being limited. Also in these non- 
conductive fiber, the fiber which consists of fluorine atom content polymers, such as PTFE, FEP, PFA, 
ETFE, PVDF, PVF, and CTFE. is desirable from points at the time of electrode reaction, such as corrosion 
resistance. 
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[0030] as the non-conductive ^^le of ****** — textile fabrics or a nojnfiven fabric — any structure is 
usable. Especially as textile fat^^B plain weave, twill weave, satin, a bro^^P figured brocade, etc. are 
used, without being limited. Moreover, especially as a nonwoven fabric, a papei^nnaking method, the needle 
punch method, the span bond method, the water jet punching method, the melt blowing method, etc. are 
used, without being limited Moreover, you may be knitting. In these textiles, the nonwoven fabric by the 
plain weave fabric, the needle punch method, the water jet punching method, etc., the mat nonwoven fabric 
by the papet^making method, etc. are used especially preferably. The point that the textile which has 
reinforcement thinly especially by porosity is obtained to a nonwoven fabric is desirable. 
[0031] It is the description that catalyst-polymer complex is united with ****** (here non-conductive 
textile), and the description of this invention differs from the structure filled up with the electrode catalyst 
and the solid polymer electrolyte all over the opening of the conventional non-conductive drawing porosity 
PTFE, A non-conductive textile has the especially high maintenance engine performance of catalyst- 
polymer complex compared with the drawing porosity PTFE. For this reason, it ends with fewer spreading 
or an impregnation process to catalyst spreading to the drawing porosity PTFE and desiccation being 
multiple-times need. Moreover, to the drawing porosity PTFE being a film-like, by this invention, since it is 
a textile, it is dealt with, and it has the description that a sex is good and excellent in workability. 
[0032] As for the thickness of the non-conductive textile of ******. it is desirable that it is 50 
micrometers or less like the thickness of an electrode catalyst bed. Moreover, the thickness of non- 
conductive textile creation time to thin-film-izing is possible by a press etc. 

[0033] As eyes of the non-conductive textile of ******, when made from inorganic conductivity fiber, 
especially a carbon fiber, it is desirable that it is 1 - 60 g/m2. In less than two 1 g/m, the reinforcement of 
a porosity electric conduction sheet becomes low. The porosity electric conduction sheet exceeding 60 
g/m2 becomes thick, and the engine performance as an electrode catalyst bed falls. 

[0034] As for the diameter of the non-conductive fiber used for the non-conductive textile of ******, it is 
desirable that it is 30 micrometers or less. 20 micrometers or less are more desirable and 10 micrometers 
or less are still more desirable. If the diameter of fiber is thick, the thickness of a porosity electric 
conduction sheet will become thick, and the electrode engine performance will fall. However, it is also 
desirable from the point of thin-film-izing to press a non-conductive textile as mentioned above, and 
especially the diameter of fiber before a press is not limited. 

[0035] The non-conductive textile of ****** is an embodiment also with desirable also performing partial 
hydrofuge ** hydrophilic processing for forming the exhaust passage of a water-repellent finish which 
prevents the gaseous diffusion and the penetrable lowering by stagnation of water and which is performed 
for accumulating, and water, addition of inorganic conductivity powder performed in order to lower 

resistance. 

[0036] The porosity electric conduction sheet of ****** is an embodiment also with desirable a conductive 
particle, especially a conductive inorganic particle also being included from points, such as improvement in 
a consistency, and reduction of electric resistance, when consisting of inorganic conductivity fiber as 
mentioned above. As such a conductive inorganic particle, the carbon material from electric resistance or a 
corrosion resistance point, especially a carbon particle are desirable. 

[0037] As such a conductive inorganic particle, although carbon black powder, graphite powder, expanded 
graphite powder, metal powder, ceramic powder, etc. may also be included, the carbon material of carbon 
black, graphite, or carbonaceous is preferably mentioned from the point of electronic conductivity and 
corrosion resistance, for example. As such carbon material, carbon black, such as oil furnace black, channel 
black, lamp black, thermal black, and acetylene black, is desirable from the magnitude of electronic 
conductivity and specific surface area, as oil furnace black — the Cabot Corp. make — Balkan Peninsula 
XC-72, the Balkan Peninsula P, black PARUZU 880, black PARUZU 1 100. black PARUZU 1300, black 
PARUZU 2000, and legal one — the KETCHIEN black EC by 400 and UON, and the Mitsubishi Chemical 
make — #3150. #3250, etc. mention — having — as acetylene black — DIN by DENKI KAGAKU KOGYO 
K.K. — a turnip — a rack etc. is mentioned. Moreover, there are an artificial graphite, carbon, etc. which 
are obtained from organic compounds, such as a natural graphite besides carbon black, a pitch, corks, a 
polyacrylonitrile, phenol resin, and furan resin. Moreover, it is possible to also use the carbon material 
which carried out after-treatment processing of these carbon material, the inside of such carbon material - 

- especially Balkan Peninsula XC-72 by Cabot Corp., and DIN by DENKI KAGAKU KOGYO K.K. — a turnip 

— a rack, the UON KETCHIEN black, etc. are preferably used from the point of electronic conductivity. 
[0038] In addition, as an addition of the conductive particle to ******, it should not be suitably decided 
according to the specific surface area of the electrode characteristic demanded or the matter used, 
electronic resistance, etc., and is not especially limited 
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[0039] can also add a p^nperic material besides the above-mentij^d conductive particle (when 

mainly coming to have a porosi^^pbctric conduction sheet especially), l^^^ecomes strong to 
compression or tension, reinforcement and handling nature are raised, and the inorganic conductivity 
matter can separate from or can prevent turning to the thickness direction of In case 

paper making of the inorganic conductivity staple fiber is carried out and ****** is created especially, it is 
important to use a polymeric material as a binder. There are an approach of mixing fibrous and a granular 
and liquefied polymeric material as an approach of making a polymeric material binding, when making the 
orientation of the inorganic conductivity matter carry out in the random direction into a 2-dimensional flat 
surface substantially, an approach to which a polymeric material fibrous to the aggregate with which 
orientation of. the inorganic conductivity matter was substantially carried out in the random direction into 
the 2-'dimensional flat surface, and liquefied is made to adhere. 

[0040] Especially as a polymeric material which binds the inorganic conductivity matter of ******, although 
not limited, the polymeric materia! which contains a fluorine atom from the point of the electrode engine 
performance is used preferably, A polytetrafluoroethylene (PTFE) and tetrafluoroethylene- 
hexafluoropropylene copolymer (FEP), a tetrafluoroethylene-perfluoroalkyi vinyl ether copolymer (PFA). 
etc. are used especially preferably. 

[0041] As for the content to the porosity electric conduction sheet as ****** of the above polymeric 
materials, it is desirable that it is in 0.1 - 50% of the weight of the range. Although little way of the content 
of a polymeric material is good in order to make low the electric resistance of a porosity electric 
conduction sheet, at less than 0.1 % of the weight, the reinforcement which is equal to handling runs short, 
and omission of the inorganic conductivity matter also increase. On the contrary, if it exceeds 40 % of the 
weight, the problem that the electric resistance of a porosity electric conduction sheet increases will arise. 
It is 1 0 - 30% of the weight of the range more preferably. 

[0042] The polymeric material added on the porosity electric conduction sheet of ****** is an embodiment 
also with desirable also calcinating above 200 degrees C. The above-mentioned fluororesin used for a 
water-repellent finish is heating more than the melting point, and water repellence and its binding property 
improve. Moreover, in polymeric materials other than a fluororesin, binding capacity improves by baking, and 
also lowering of electric resistance and corrosion resistance improvement are found. 
[0043] The porosity electric conduction sheet of ****** may be constituted using a conductive particle 
and a polymer, without using fiber except that it consists of inorganic conductivity fiber, such as the 
above— mentioned carbon fiber. As such a conductive particle, carbon particles, such as carbon black and a 
graphite, are used preferably as mentioned above. Moreover, as a polymer, what contains a fluorine atom as 
mentioned above is used preferably. Especially the ratio of a conductive particle and a polymer is not 
limited. 

[0044] The non-conductive textile of ****** can also add a polymeric material besides the above- 
mentioned conductive particle. This becomes strong to compression or tension, reinforcement and handling 
nature are raised, and it can prevent that the inorganic conductivity matter separates from a non- 
conductive textile. 

[0045] As for the content to the non-conductive textile of the above polymeric materials, it is desirable 
that it is in 0.1 - 50% of the weight of the range. Although little way of the content of a polymeric material 
is good in order to make the electric resistance of a non-conductive textile low, at less than 0.1 % of the 
weight, the reinforcement which is equal to handling runs short, and omission of the inorganic conductivity 
matter also increase. It is 1 0 - 30% of the weight of the range more preferably. 

[0046] The non-conductive textile of a support layer is an embodiment also with desirable also performing 
after treatment, such as heat treatment, a drawing, and a press. Desirable effectiveness, such as thin-film- 
izing, an increment in voidage, and an increment on the strength, is expectable with such after treatment. 
[0047] Especially the electrode catalyst that constitutes the catalyst-polymer complex of this invention 
can use a well-known thing, without being limited. Although it is not limited especially when using the 
electrode catalyst bed of this invention for a fuel cell, precious metal catalysts, such as platinum, palladium, 
gold, a ruthenium, and iridium, are used preferably. Moreover, two or more sorts of elements, such as an 
alloy of these precious metal catalysts and mixture, may be contained. 

[0048] The electrode catalyst of this invention is the object which gives electronic conduction nature and 
is distributed efficiently, and is an embodiment also with desirable also being used after having been 
supported by the conductive particle. As a conductive particle which supports an electrode catalyst, 
carbon material, such as carbon black, is desirable. As such carbon material, carbon black, such as oil 
furnace black, channel black, lamp black, thermal black, and acetylene black, is desirable from the 
magnitude of electronic conductivity and specific surface area, as oil furnace black — the Cabot Corp. 
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make — Balkan Peninsula XC-J^he Balkan Peninsula P. black PARUZU^BO. black PARUZU 1100, black 
PARUZU 1300, black PARUZU^Pb, and legal one — the KETCHIEN bl^^C by 400 and UON. and the 
Mitsubishi Chemical make — #3150, #3250, etc. mention — having — as acetylene black — DIN by DENKI 
KAGAKU KOGYO K.K. — a turnip — a rack etc. is mentioned Moreover, there are an artificial graphite, 
carbon, etc. which are obtained from organic compounds, such as a natural graphite besides carbon black, a 
pitch, corks, a polyacrylonitrile. phenol resin, and furan resin. As a gestalt of these carbon material, it can 
-use fibrous besides the shape of a particle. Moreover, it is possible to also use the carbon material which 
carried out after-treatment processing of these carbon material. Also in such carbon material. Balkan ' 
Peninsula XC-72 by Cabot Corp. are especially used preferably from the point of electronic conductivity. 
The amount of support of the electrode catalyst over a conductive particle has 5-80 desirable % of the 
weight, and is desirable, [ especially 20 - 60% of ] case there are few amounts of support — an electrode 
catalyst bed — ** — since the electrode engine performance falls when it becomes thick highly, and the 
dispersibility of catalyst-polymer complex becomes poor, in many, it is not desirable. 
[0049] Although it is suitably chosen as a polymer contained in the catalyst-polymer complex of this 
invention according to the electrode engine performance called for and is not limited especially, the 
polymer containing a fluorine atom is desirable, a copolymer with the monomer of others as such a fluorine 
atom content polymer, such as these copolymers, such as the Pori polytetrafluoroethylene (PTFE) and 
tetrafluoroethylene-hexafluoropropylene copolymer (FEP), tetrafluoroethylene-perfluoroalkyi vinyl ether 
copolymer (PFA), polyvinylidene fluoride (PVDF). vinyl, etc. fluoride (PVF), or these monomeric units, 
ethylene, and styrene, — a blend etc. can be used further. 

[0050] Moreover, the polymer which has a proton exchange group as a polymer contained in the catalyst- 
polymer complex of this invention is used still more preferably. As a proton exchange group, a sulfonic 
group, a carboxylic-acid radical, a phosphoric-acid radical, etc. are used suitably and preferably. The 
polymer which has the proton exchange group which consists of a fluoro alkyi ether side chain and a fluoro 
alkyi principal chain especially is used most preferably. For example, Nafion made from DuPont. Aciplex by 
Asahi Chemical Co., Ltd, Flemion by Asahi Glass Co.. Ltd., etc. are desirable. Catalyst-polymer complex is 
constituted by mixing these proton exchange group content polymers with an electrode catalyst in the 
state of a solution or dispersion liquid. In this case, although especially the solvent that dissolves or 
decentralizes a proton exchange group content polymer is not limited, the soluble point of a proton 
exchange group content polymer to a polar solvent is desirable. You may be other polymers, such as a 
polymer, ethylene, styrene, etc. containing the above-mentioned fluorine atom which has a proton 
exchange group, these copolymers, and a blend. 

[0051] Although the ratio of the electrode catalyst in catalyst-polymer complex and a polymer should not 
be suitably decided according to whenever [ ionic conduction / of the electrode characteristic demanded 
or the proton exchange group content polymer used ] etc. and is not limited especially, it is desirable at a 
weight ratio, and is still more desirable. [ 5 - 50% of ] [ 1 - 80% of ] It is that the structure where catalyst- 
polymer complex and ****** are united becomes weak when there are few polymers, and the point which 
ionic conductivity becomes low. and checks gas permeability when many, and the electrode engine 
performance is all reduced. 

[0052] To the catalyst-polymer complex of this invention, it is also desirable to add the various matter else 
[. such as an above-mentioned electrode catalyst, electrode catalyst support carbon, or a polymer. ]. 
Especially, it also becomes a desirable embodiment from the point on an electronic conduction disposition 
to add an electric conduction agent. Especially as such an electric conduction agent, although not limited, 
carbon particles, such as above-mentioned carbon black, are used preferably. Although it should be 
suitably decided as an addition of these electric conduction agent according to the specific surface area of 
the electrode characteristic demanded or the matter used, electronic resistance, etc., 1 - 80% is desirable 
as a weight ratio in an electrode catalyst bed. and 10 - 30% is still more desirable. Electronic resistance 
becomes low, when there are few electronic conductors, when many, gas permeability is checked, and also 
all reduce the electrode engine performance — a catalyst utilization factor falls. 

[0053] It is an embodiment also with desirable the catalyst-polymer complex contained in the electrode 
catalyst bed of this invention also having three-dimensions mesh fine porous structure. In addition, "three- 
dimensions mesh fine porosity structure" means the condition of having the network structure of the 
shape of three dimensions with which catalyst-polymer complex was connected in three dimensions. 
[0054] When the catalyst-polymer complex contained in an electrode catalyst bed has three-dimensions* 
mesh fine porous structure, it is desirable that the diameter of fine porosity is 0.05-5 micrometers. It is 
0.1-1 micrometer more preferably. The diameter of fine porosity is a scanning electron microscope (SEM) 
etc., and from the photograph which photoed the front face, it can ask for it from the average of 100 or 
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more pieces preferably 20 or m||^pieGes, and it can usually be measureji^c 100 pieces. Since distribution 
of the diameter of fine porosit^^^Prge, as for the catalyst bed of the fir^^Prous structure of this 
invention at the time of being manufactured by the wet solidifying method, it is desirable to take the 
average of as many apertures as possible. 

[0055] As for the void content of three-dimensions mesh fine porous structure, it is desirable that it is 10 
- 95%. It is 50 - 90% more preferably. A void content is the percentage (%) and (=(V1 -V2)/V1 x1 00) which 
«c(ed) by VI what subtracted the volume (V2) which catalyst-polymer complex occupies further from the 
remaining volume (VI) which subtracted the volume which a porosity electric conduction sheet occupies 
from the whole catalyst bed product. 

[0056] A void content is large and electronic conduction nature and its proton conductivity are [ the thing 
of the three-dimensions mesh fine porous structure by which especially the catalyst-polymer complex 
contained in an electrode catalyst bed was created by the wet solidifying method has good blowdown of 
gaseous diffusion nature or generation water, and ] also good. Although making a hole form using an ostomy 
agent etc. is performed in the conventional porosity-ization or it increases catalyst particle diameter and 
the particle diameter of an addition polymer, the contact resistance between catalyst support carbon and 
between proton exchange resin will become large compared with an electrode catalyst bed by such 
porosity-ized method. Since the polymer complex which contained catalyst support carbon to it with the 
three-dimensions mesh fine porous structure by the wet solidifying method has become three-dimensions 
mesh-like, an electron and a proton tend to conduct this polymer complex, and blowdown of gaseous 
diffusion nature or generation water also has good structure further for fine porous structure. 
[0057] When the catalyst-polymer complex contained in an electrode catalyst bed has three-dimensions 
fine porous structure, the matter used for a catalyst, an electronic conductor, and a proton conductor can 
use the same matter as usual. However, in case the electrode catalyst bed which has three-dimensions 
mesh fine porous structure is created, being based on the wet solidifying method is desirable. Therefore, in 
the aforementioned case, it is desirable to use the polymer suitable for this wet solidifying method, and it is 
desirable to use the polymer which distributes a catalyst particle well and does not deteriorate in the 
oxidation-reducing atmosphere in a fuel cell. Although the polymer containing a fluorine atom is mentioned 
as such a polymer and it. is not limited especially, for example The polymer which has the proton exchange 
group which consists of a fluoro alkyi ether side chain and a fluoro alkyi principal chain is used most 
preferably. To others, the Pori vinyl fluoride (PVF). polyvinylidene fluoride (PVDF), Poly hexafluoropropylene 
(FEP), polyperFluoro alkyi vinyl ether (PFA), etc.. or the copolymer (for example, hexafluoropropylene- 
vinylidene fluoride copolymer) of these copolymers, these monomeric units, and other monomers, such as 
ethylene and styrene, — a blend etc. can be used further. 

[0058] The polymer which has also in this the proton exchange group which consists of a fluoro alkyi ether 
side chain and a fluoro alkyi principal chain is the most desirable, and it is Du. The thing melted to alcohol, 
water, or other polar solvents by using Nafion made from Pont. Aciplex by Asahi Chemical Co.. Ltd.. 
Flemion by Asahi Glass Co.. Ltd., etc. as a good solvent (dissolution solvent) or the dispersed thing is used 
preferably. An electrode catalyst may be added to these solutions, it kneads, wet coagulation is performed 
by making a poor solvent (coagulation solvent) contact, and the catalyst-polymer complex which has 
three-dimensions fine porous structure is created. Although polar solvents, such as water, methanol, 
ethanol, i-propanol, N-methyl-2-pyrrolidone. N, and N-dimethyl sulfoxide and dimethyl imidazolidinone. are 
mentioned and low dielectric constant solvents, such as cyclic ether, such as ester, such as butyl acetate, 
ethyl acetate, isobutyl acetate, methyl propionate, ethyl propionate, dimethyl carbonate, diethyl carbonate, 
and methylethyl carbonate, a tetrahydrofuran, and dioxane, are mentioned as a poor solvent as a good 
solvent, it is not limited to these. 

[0059] Moreover, as a polymer of catalyst-polymer complex, in using polyvinylidene fluoride (PVDF). a 
hexafluoropropylene-vinylidene fluoride copolymer, etc.. aprotic polar solvents, such as N-methyl-2- 
pyrrolidone. N. and N-dimethyl sulfoxide, dimethyl imidazolidinone, and dimethyl sulfoxide, are mentioned as 
a good solvent, and it performs the wet solidifying method which uses protonic polar solvents, such as 
water, a methanol, ethanol, and i-propanol, as a coagulation solvent. When these polymers are used, it is 
desirable to add an above-mentioned proton conductor for the improvement in proton conductivity in an 
electrode catalyst bed. 

[0060] As for the polymer used for catalyst-polymer complex, copolymerization or blending and using are 
also desirable in the polymer containing the above-mentioned fluorine atom, or the polymer containing a 
proton exchange group. Especially the thing for which polymers, such as Nafion which has a fluoro alkyi 
ether side chain and a fluoro alkyi principal chain in a proton exchange group, are blended with 
polyvinylidene fluoride, the Pori (hexafluoropropylene-vinylidene fluoride) copolymer, etc. is desirable from 
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the point of the electrode engin^^erformance. 

[0061] Although the main comF^^nts of catalyst-polymer complex are o^P^st support carbon and a 
polymer suitably, and those ratios should especially be suitably decided according to the electrode 
characteristic needed and it is not limited. 5 / 95 - 95/5 are preferably used by the weight ratio of catalyst 
support carbon / polymer. When using as an electrode catalyst bed for polymer electrolyte fuel cells 
especially, 40 / 60 - 85/1 5 are desirable by catalyst support carbon / polymer weight ratio. 
[0062] Especially as an approach of making catalyst-polymer complex uniting with 5|c**3Me*, although not 
limited, an impregnation method, the applying method, etc. are desirable approaches. An impregnation 
method is immersed in *** *** into the liquid with which catalyst-polymer complex or its precursor is 
contained, and is performed by making catalyst-polymer complex permeate all over the opening of 
In addition, it is not limited, especially although the precursor of catalyst-polymer complex is the ingredient 
which can form the complex concerned by the time formation of an electrode catalyst bed or a fuel cell 
electrode is completed, for example, the mixture of a catalyst, the mixed solution of a polymer and a 
catalyst, and the monomer of a polymer etc. can be illustrated. The applying method is performed by 
carrying out coating of the liquid with which catalyst-polymer complex is contained on **** ** etc. 
Although it should not be limited especially about the coating approach, the general methods of application, 
such as a knife coating machine, a bar coating machine, a spray, a dip coater, a spin coater, a roll coater. a 
die coating machine, a curtain coating machine, and brush coating, are used. The solvent of the liquid with 
which catalyst-polymer complex is contained in the case of which [ of an impregnation method and the 
applying method ], viscosity, solid content, etc. are suitably chosen by neither the voidage of ******, nor 
the surface state of the matter to constitute, and may not be limited especially. 

[0063] The electrode catalyst bed of this invention is the embodiment of this invention also with desirable 
also constituting film-electrode complex (MEA:Membrane Electoode Assembly) with the proton exchange 
film and an electrode substrate. 

[0064] Although especially the proton exchange film used for the film-electrode complex of this invention 
is not limited, its polymer of fluorine atom content is desirable from a viewpoint of the endurance in the 
oxidation-reducing atmosphere in an electrode. Moreover, it is not limited [ radical / a sulfonic group a 
carboxylic-acid radical. / phosphoric-acid ] especially as a proton exchange group of the proton exchange 
film. 

[0065] Although this proton exchange film should be suitably chosen according to the application and the 
environment where it is divided roughly into the perfluoro system of the copolymer which consists of a 
hydrocarbon system, and a fluorine atom content polymer especially a fluoro alkyi ether side chain and 
fluoro alkyI principal chains, such as a styrene-divinylbenzene copolymer which has the above-mentioned 
proton exchange group, especially a sulfonic group, and a fuel cell is used, a fluorine atom content polymer, 
especially its perfluoro system are desirable from the point of a fuel cell life. Moreover, the partial fluorine 
film which carried out the fiuorine atom permutation selectively is also used preferably. By the perfluoro 
film, Nafion made from DuPont, Asahi Chemical Aciplex, Asahi Glass Flemion. Japan Gore-Tex Goa-select, 
etc. are illustrated, and there are some which introduced the sulfonic group into the polymer and 
polyvinylidene fluoride of a trifluoro styrene sulfonic acid in the partial fluorine film. Moreover, the proton 
exchange film can use one sort of not only polymers but the bipolar membrane which stuck the copolymer 
of two or more sorts of polymers, and blend polymer and two or more sorts of film, the film which 
reinforced the proton exchange film with the nonwoven fabric, the porous film. etc. 

[0066] Although electric resistance is low and it is possible to use without being limited especially if** (**) 
** can be performed as an electrode substrate used for the film-electrode complex of this invention, the 
description of this invention is discovered especially in a porosity electric conduction sheet. The 
conductive porosity sheet used for an electrode substrate can be applied without differing from the 
porosity electric conduction sheet used for the above-mentioned electrode catalyst bed in any way. 
However, to the thickness of the porosity electric conduction sheet used for an electrode catalyst bed 
being 50 micrometers or less, the thickness of the porosity electric conduction sheet used for an electrode 
substrate is desirable 50-400 micrometers, and it is used. The conductive porosity sheet used for an 
electrode substrate has good gas permeability, and can be used, without being limited especially if it is a 
sheet with low electric resistance. 

[0067] As a component of an electrode substrate, that which is mainly concerned with conductive mineral - 
matter is mentioned, for example, and carbon material, such as a baking object from a polyacrylonitrile, a 
baking object from a pitch, a graphite, and expanded graphite, a stainless steel, molybdenum, titanium, etc. 
are illustrated as this conductive mineral matter, the case where especially the gestalt of conductive 
mineral matter is used for the electrochemistry equipment which uses a gas for an electrode active 
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material like a fuel cell althougi^ke shape of fibrous or a particle etc. is jM^limited — the fibrous 
conductivity mineral matter (in^Hnic conductivity fiber) from the point ^^PIs permeability — especially a 
carbon fiber is desirable, as the porosity electric conduction sheet using inorganic conductivity fiber — 
textile fabrics or a nonwoven fabric — any structure is usable. For example, the carbon cross made from 
the carbon paper TGP series by Toray Industries. Inc.. SO series, and E-TEK etc. is used. 
[0068] That whose thickness when applying the uniform planar pressure of 2.9MPa(s) in the thickness 
direction is 0.05-0.4mm as an electrode substrate used for this invention is desirable. It is 0.08-0.2mm 
more preferably. When thinner than 0.05mm. in case it uses for a fuel cell, an electrode substrate is buried 
in the gas passageway of a separator, the diffusion and permeability to the direction of a field become low. 
and reinforcement becomes it is weak and lacking in workability. When thicker than 0.4mm, the electric 
resistance of the thickness direction increases. In addition, thickness sandwiches an electrode substrate 
by the vitrified charcoal blank of two sheets which has a smooth front face by uniform thickness, and 
pressurizes it by the uniform planar pressure of 2.9MPa. and it asks for it from the difference of spacing of 
a vitrified charcoal blank with the time of inserting with the time of not inserting an electrode substrate. 
[0069] It is desirable that it is 10 - 220 g/m2 as eyes of an electrode substrate. It is 20-120 g/m2 more 
preferably. In less than two 10 g/m. the reinforcement of an electrode substrate becomes low. Moreover, 
when it constructs on the polyelectrolyte film, a catalyst bed, and the time of unification of an electrode 
substrate and a cell, an electrode substrate becomes thin and the diffusion / transparency effectiveness 
to the direction of a field becomes imperfection. When 220 g/m2 was exceeded and it constructs on a cell, 
an electrode substrate becomes thick and resistance becomes large. 

[0070] When the uniform planar pressure of 2.9MPa(s) is applied in the thickness direction, as for the 
consistency of an electrode substrate, it is desirable that it is 0.3 - 0.8 g/cm3. 0.35 - 0,7 g/cm3 is more 
desirable, and 0.4 - 0.6 g/cm3 is still more desirable. It asks for the consistency of the electrode substrate 
when applying the uniform planar pressure of 2.9MPa(s) in the thickness direction by count from the 
thickness of the electrode substrate when applying the uniform planar pressure of 2.9MPa(s) in the eyes 
and the thickness direction of an electrode substrate. In order for an electrode substrate to make diffusion 
and permeability high, it is necessary to make porosity high but, and if the consistency when applying the 
uniform planar pressure of 2.9MPa(s) in the thickness direction becomes larger than 0.8 g/cm3, porosity 
will fall and diffusion and permeability will become imperfection. Moreover, if smaller than 0.3 g/cm3, the 
resistance of the thickness direction will become large. 

[0071] As for an electrode substrate, it is desirable that the pressure loss at the time of making 14cm 
[/second ] air penetrate in the thickness direction in the condition of not performing application of 
pressure by the planar pressure to the thickness direction is below 98Pa (lOmmAq) in respect of the 
gaseous diffusion nature of an electrode substrate. Below 29Pa (3mmAq) is more desirable, and below 
9.8Pa (1 mmAq) is still more desirable. 

[0072] More than the 0.49N/1 0mm width of face of the tensile strength of an electrode substrate is 
desirable, more than its 1.96N/10mm width efface is more desirable, and more than its 4.9N/10mm width 
of face is still more desirable. When tensile strength is low, there is a problem that possibility that a sheet 
will be damaged increases, in high order processing of electrode equipment and materials. 
[0073] It is desirable that it is two or less 100m ohm-cm, as for the electric resistance of a porosity 
conductive liner sheet, it is more desirable that it is two or less 50m ohm-cm, and it is still more desirable 
that it is two or less 15m ohm-cm. It is desirable that it is two or less 150m ohm-cm. as for the electric 
resistance of the electrode substrate which contains a water-repellent fluororesin like the after^ 
mentioned, it is more desirable that it is below 70m ohm-cm. and it is still more desirable that it is two or 
less 30m ohm-cm. 

[0074] In addition to the above, the porosity electric conduction sheet the die length of inorganic 
conductivity fiber is at least 3mm, and is [ sheet ] at least 5 times the thickness of a sheet can also be 
used for an electrode substrate including the paper-like sheet which comes to bind with a polymeric 
material the inorganic conductivity fiber by which orientation was substantially carried out in the random 
direction into the 2-dimensional flat surface. Here, the thickness of a sheet is measured according to 
JISP8118. Planar pressure at the time of measurement is taken as 13kPa(s). The semantics of saying 
[ that orientation of the inorganic conductivity fiber is substantially carried out into a 2-dimensional flat 
surface ] means that it lies so that inorganic conductivity fiber may form one field in general. The short 
circuit with a counter electrode and the breakage of inorganic conductivity fiber by inorganic conductivity 
fiber can be prevented by this. 

[0075] In order to make the reinforcement and handling nature of an electrode substrate high and to carry 
out orientation of the inorganic conductivity fiber into a 2-dimensional flat surface substantially, the die 
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length of inorganic conductivit^^^r has at least 3 desirablemm or mor^^^ it sets it to 6mm or more still 
more preferably 4.5mm or mor^^re preferably. In less than 3mm, it bel^PIs difficult to maintain 
reinforcement and handling nature. However, it may also be desirable to mix the inorganic conductivity fiber 
from which fiber length differs, it may be desirable that the inorganic conductivity fiber of long fiber length 
is 3mm or more in this case, and the inorganic conductivity fiber of short fiber length may be less than 
3mm. Moreover, in order to make the orientation of the inorganic conductivity fiber carry out in the random 
direction into a 2-dimensional flat surface substantially, the die length of inorganic conductivity fiber is 
preferably made into 1 2 or more times still more preferably 8 or more times 5 or more-time thick Mino of 
an electrode substrate. In less than 5 times, reservation of two-dimension orientation becomes difficult In 
order to make the orientation of the upper limit of the die length of inorganic conductivity fiber carry out in 
the random direction into a 2-dimensional flat surface substantially, its 30mm or less is desirable, and it is 
more desirable, and is still more desirable. [ of 8mm or less ] [ of 1 5mm or less ] If inorganic conductivity 
fiber is too long, it will be easy to generate a maldistribution, and while much fiber has been bundles-like, it 
may remain. In that case, a bundle-like part has low voidage, since the thickness at the time of application 
of pressure becomes thick, a high pressure is applied at the time of application of pressure, and problems, 
such as destruction of an electrode substrate, polyelectrolyte film, and local lamination of an electrode 
catalyst bed. become easy to arise. 

[0076] In creation of an electrode substrate, there are a wet method which is made to distribute inorganic 
conductivity fiber and mills paper in the medium of a liquid, and dry process which is made to distribute 
inorganic conductivity fiber and is made to lie in air as an approach of making the orientation of the 
inorganic conductivity fiber carrying out in the random direction into a 2-dimensional fiat surface 
substantially. In order to carry out orientation of the inorganic conductivity fiber into a 2-dimensional flat 
surface substantially certainly, and in order to make reinforcement of inorganic conductivity fiber high, a 
wet method, especially the so-called paper-making method are desirable. 

[0077] When the inorganic conductivity fiber used for an electrode substrate is a carbon fiber, a 
polyacrylonitrile (PAN) system carbon fiber, a phenol system carbon fiber, a pitch based carbon fiber, a 
rayon system carbon fiber, etc. are illustrated. Especially, a PAN system carbon fiber is desirable. As for a 
PAN system carbon fiber, compared with a pitch based carbon fiber, whenever [ com press ive-strength and 

breaking extension ] is large, and it cannot break easily. This is considered to be based on the 
difference of crystallization of the carbon which constitutes a carbon fiber. In order to obtain the carbon 
fiber into which it is hard to break, the heat treatment temperature of a carbon fiber has desirable 2,500 
degrees C or less, and its 2,000 degrees C or less are more desirable. 

[0078] The carbon staple fiber used into the electrode substrate of this invention is good for a diameter D 
(micrometer), tensile strength sigma (MPa). and relation with a modulus of elasticity in tension E (MPa) to 
have satisfied the degree type. The electrode substrate which consists of such a carbon staple fiber is for 
being hard to break. Namely, the diameter of a carbon staple fiber is thin, tensile strength is strong, as for a 
carbon staple fiber, the one where a modulus of elasticity in tension is lower cannot break easily, and an . 
electrode substrate stops being able to break easily at the time of application of pressure. 
sigma/(ExD) >=0.5x1 0-3 — here — the tensile strength of a carbon fiber, and a modulus of elasticity in 
tension — JIS It measures according to R7601 . In the case of the flat carbon fiber of a cross section, let 
the average (a+b) (/2) of a major axis (a) and a minor axis (b) be a diameter. When the carbon staple fiber 
with which classes differ is mixed, the value which carried out the weighted mean about D, sigma. and E, 
respectively is used. It is sigma/(ExD) >=1,1x10-3 preferably, and is sigma/(ExD) >=2.4x10-3 more 
preferably. 

[0079] Whenever [ breaking extension / of a carbon staple fiber ] is 1.2% or more preferably [ that it 
is 0.7% or more ] because of the reinforcement of an electrode substrate, and more preferably, and is 1.8% 
or more still more preferably. Whenever [ **** breaking extension ] is the value which **(ed) tensile 
strength (sigma) by the modulus of elasticity in tension (E). 

[0080] As for the diameter of the inorganic conductivity fiber used for an electrode substrate, it is 
desirable that it is 20 micrometers or less. 12 micrometers or less are more desirable and 8 micrometers or 
less are still more desirable. On the surface of an electrode substrate, an opening 5 to 10 times the 
diameter of the diameter of inorganic conductivity fiber is observed. This opening will become large if the 
diameter of fiber becomes thick. 

[0081] Below 200micro ohm-m of the volume resistivity of the inorganic conductivity fiber used for an 
electrode substrate is desirable because of the reduction in resistance of an electrode substrate, below its 
SOmicro ohm-m is more desirable, and below its ISmicro ohm-m is still more desirable. Measurement of the 
volume resistivity of inorganic conductivity fiber is JIS. It carries out according to R7601. When the fiber 
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length defined by said measur^j^nt formula is not obtained, it measure^flUi the obtained fiber length. 
[0082] An electrode substrate^^n embodiment also with desirable also^^Forming partial hydrofuge ^ 

hydrophilic processing for forming the exhaust passage of a water-repellent finish which prevents the 
gaseous diffusion and the penetrable lowering by stagnation of water and which is performed for 
accumulating, and water, addition of carbonaceous powder performed in order to lower resistance. 
[0083] An electrode substrate is an embodiment also with desirable a conductive particle, especially a 
conductive inorganic particle also being included from points, such as thickness lowering control at the 
time of compression, improvement in a consistency, and reduction of electric resistance, when using the 
porosity electric conduction sheet which consists of a conductive inorganic fiber as mentioned above. As 
such a conductive inorganic particle, the carbon material from electric resistance or a corrosion resistance 
point, especially a carbon particle are desirable. 

[0084] It is also desirable to use for an electrode substrate the porosity electric conduction sheet with 
which it comes to arrange the conductive inorganic particle which has flexibility especially in the shape of a 
sheet. Thereby, there are few omission of a constituent or even if mechanical force acts, it is hard to 
break, and the object of electric resistance of offering a cheap electrode substrate low becomes possible. 
The above-mentioned object can be attained by using an expanded graphite particle as a conductive 
inorganic particle which has flexibility especially. 

[0085] Here, an expanded graphite particle means the graphite particle which a graphite particle is made to 
expand by heating quickly after being intercalation-compound-ized with a sulfuric acid, a nitric acid, etc., 
and is obtained. Usually, the distance between layers in the crystal structure of an expanded graphite 
particle is that [ about 50 to 500 times ] of a raw material graphite particle. 

[0086] An expanded graphite particle is rich in the deformans of a configuration in itself. This property is 
expressed by the language called flexibility. This flexibility is observed by the gestalt-compatibility of the 
expanded graphite particle to other bodies which adjoin an expanded graphite particle and it. If expanded 
graphite particles receive an application-of-pressure operation after at least parts have overlapped, 
according to an application-of-pressure condition, this gestalt-compatibility will deform mutually, and when 
particles join selectively at least, it will be observed. Moreover, the nominal member used when they are 
made to arrange this gestalt-compatibility in the shape of a sheet in an expanded graphite particle and the 
condition that permeability is secured for example, the conductive inorganic particle which does not have 
the flexibility used conventionally L such as carbon black, ] — Or when the inorganic conductivity fiber 
used conventionally [, such as a carbon fiber, ] is both pressurized, in accordance with the shape of an 
appearance of a nominal member, an expanded graphite particle is transformed and is observed by being 
joined to this nominal member. 

[0087] Although the electrode substrate of this invention is an embodiment also with desirable other 
conductive particles and conductive fiber also being included in addition to the conductive particle which 
has flexibility, the electrode substrate the both sides of this conductive fiber and a conductive particle 
excelled [ electrode substrate ] in thermal resistance, oxidation resistance, and elution-proof nature by 
consisting of an inorganic material is obtained. As a conductive inorganic particle which does not have 
flexibility, although carbon black powder, graphite powder, metal powder, ceramic powder, etc. may also be 
included, the carbon material of carbon black, graphite, or carbonaceous is preferably mentioned from the 
point of electronic conductivity and corrosion resistance, for example. As such carbon material, carbon 
black, such as oil furnace black, channel black, lamp black, thermal black, and acetylene black, is desirable 
from the magnitude of electronic conductivity and specific surface area, as oil furnace black — the Cabot 
Corp. make — Balkan Peninsula XC-72. the Balkan Peninsula P. black PARUZU 880. black PARUZU 1100. 
black PARUZU 1300. black PARUZU 2000, and legal one — the KETCHIEN black EC by 400 and UON. and 
the Mitsubishi Chemical make — #3150. #3250, etc. mention — having — as acetylene black — DIN by 
DENKI KAGAKU KOGYO K.K. — a turnip — a rack etc. is mentioned. Moreover, there are an artificial 
graphite, carbon, etc. which are obtained from organic compounds, such as a natural graphite besides 
carbon black, a pitch, corks, a polyacrylonitrile. phenol resin, and furan resin. Moreover, it is possible to also 
use the carbon material which carried out after-treatment processing of these carbon material, the inside 
of such carbon material — especially Balkan Peninsula XC-72 by Cabot Corp.. and DIN by DENKI KAGAKU 
KOGYO K.K. — a turnip — a rack, the UON KETCHIEN black, etc. are preferably used from the point of 
electronic conductivity. 

[0088] In addition, although it should be suitably decided as an addition of the conductive particle to an 
electrode substrate according to the specific surface area of the electrode characteristic demanded or the 
matter used, electronic resistance, etc., 1 - 80% is desirable as a weight ratio in an electrode substrate, 
and 20 - 60% is still more desirable. When there are few electronic conductors, electronic resistance 
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becomes low, and when many.^^educe the electrode engine performar^^such as checking gas 
permeability. 

[0089] An electrode substrate can also add a polymeric material besides the above-mentioned conductive 
particle. This becomes strong to compression or tension, reinforcement and handling nature are raised^ and 
the inorganic conductivity matter can separate from an electrode substrate, or can prevent turning to the 
thickness direction of an electrode substrate. In case the electrode substrate which carries out paper 
making of the inorganic conductivity staple fiber, and consists of a porosity electric conduction sheet 
especially is created, it is important to use a polymeric material as a binder There are an approach of 
mixing fibrous and a granular and liquefied polymeric material as an approach of making a polymeric 
material binding, when making the orientation of the inorganic conductivity matter carry out in the random 
direction into a 2-dimensional flat surface substantially, an approach to which a polymeric material fibrous 
to the aggregate with which orientation of the inorganic conductivity matter was substantially carried out in 
the random direction into the 2-dimensional flat surface, and liquefied is made to adhere. What the particle 
of a polymeric material can distribute and can be substantially dealt with as a liquid in a solvent with the 
solution which the polymeric material is dissolving is contained in a liquefied concept. 

[0090] As a polymeric material which binds the inorganic conductivity matter The polymeric material which 
has carbon or silicon in a principal chain is desirable. For example, polyvinyl alcohol (PVA), Polyvinyl 
acetate (vinyl acetate), polyethylene terephthalate (PET). Polypropylene (PP), polyethylene, polystyrene, a 
polyvinyl chloride. Thermoplastics, such as a polyvinylidene chloride, acrylic resin, and polyurethane, Phenol 
resin, an epoxy resin, melamine resin, a urea-resin, alkyd resin. Others [ thermosetting resin /. such as an 
unsaturated polyester resin, acrylic resin, and polyurethane resin. ]. Elastomers, such as thermoplastic 
elastomer. Butadiene Styrene (SBR). and Butadiene Acrylonitrile (NBR), rubber, a cellulose, pulp. etc. can 
be used. Water-repellent treatment of an electrode substrate may be performed to binding of the inorganic 
conductivity matter and coincidence using water-repellent resin, such as a fluororesin. 
[0091] When the film-electrode complex of this invention is used as a polymer electrolyte fuel cell, in a 
cathode (an air pole, oxygen pole), the water as an electrode reaction product and the water which 
permeated the electrolyte are generated. Moreover, in an anode (fuel electrode), a fuel is humidified and 
supplied for desiccation prevention of the polyelectrolyte film. Since it becomes the hindrance at the time 
of dew condensation of these water and swelling of the polymeric material by stagnation and water 
supplying an electrode reaction object, the lower one of the water absorption of the polymeric material 
contained in an electrode substrate is good. It is 7% or less more preferably 20% or less. 
[0092] It is also a desirable embodiment that a water-repellent macromolecule is included in an electrode 
substrate from such a point. Since the polymer (fluororesin) which contains fluorine atoms, such as a 
polytetrafluoroethylene (PTFE) and tetrafluoroethylene-hexafluoropropylene copolymer (FEP) and a 
tetrafluoroethylene-perfluoroalkyi vinyl ether copolymer (PFA), especially has high water repellence, it is 
used preferably. 

[0093] As for the content to the electrode substrate of the above polymeric materials, it is desirable that it 
is in 0.1 - 50% of the weight of the range. Although little way of the content of a polymeric material is good 
in order to make the electric resistance of an electrode substrate low. at less than 0.1 % of the weight, the 
reinforcement which is equal to handling runs short, and omission of the inorganic conductivity matter also 
increase. On the contrary, if it exceeds 50 % of the weight the problem that the electric resistance of an 
electrode substrate increases will arise. It is 10 - 30% of the weight of the range more preferably. 
[0094] The polymeric material added to the electrode substrate is an embodiment also with desirable also 
calcinating above 200 degrees 0. The above-mentioned fluororesin used for a water-repellent finish is 
heating more than the melting point, and water repellence and its binding property improve. Moreover, in 
polymeric materials other than a fluororesin, binding capacity improves by baking, and also lowering of 
electric resistance and corrosion resistance improvement are found. Especially in polymeric materials other 
than a fluororesin, it may be lacking in oxidation resistance, and in case it uses as electrodes for 
electrochemistry equipments, such as a fuel cell, electrode performance degradation may be brought about 
while in use. For this reason, it is desirable to calcinate, before using it for electrode creation time as an 
electrode, using the polymeric-material matter as a binder, and to process carbonization or decomposition 
clearance. 

[0095] It is not limited especially as the manufacture approach of the film-electrode complex of this 
invention. Generally, although a laminating is carried out and it joins in the order of an electrode substrate, 
an electrode catalyst bed. the proton exchange film, an electrode catalyst bed, and an electrode substrate, 
according to the property of an electrode catalyst bed or electrochemistry equipment, it should be suitably 
decided also about this junction condition, as the junction approach — wanning — a press is a desirable 
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approach, although not limite(^^|ecially about this condition, either, pr^^temperature is 20 degrees C - 
200 degrees C. and a press p^^Lre is 1 MPa-20MPa. 

[0096] The film-electrode complex (MEA) which consists of the electrode which consists of the electrode 
.catalyst bed and electrode substrate of this invention or this electrode, and proton exchange film can be 
adapted for various electrochemistry equipments. Inside or a fuel cell, and a water electrolysis layer are 
desirable, and still more suitable for a polymer electrolyte fuel cell also in a fuel cell. Although there are 
•what uses hydrogen as a fuel, and a thing which uses hydrocarbons, such as a methanol, as a ftjel in a fuel 
cell, it can use without being limited especially. . 
[0097] Furthermore, although it thinks especially as an application of the fuel cell using the electrode 
catalyst bed pf this invention, without being limited, in a polymer electrolyte fuel cell, the power supply 
source of the mobile which is a useful application is desirable. It is a mobile with automobiles, such as a 
passenger car, a bus, and a truck, especially desirable a marine vessel, a railroad, etc. 
[0098] 

[Example] It explains further using an example per detail of this invention below. 

[0099] The creation PAN system carbon fiber (Toray Industries make trading card T-300) of an example 1 
(1) porosity electric conduction sheet was Judged to 3mm. Water was made to distribute this staple fiber 
carbon fiber with vinylon. The carbon fiber paper-making object was created by carrying out paper making 
of these dispersion liquid on a wire gauze. 

[01 00] Next, it sank into PFA dispersion (neo chlorofluocarbon PFA dispersion by Daikin Industries, LTD.), 
and this paper-making object was dried. Furthermore, heat treatment was performed at 370 degrees C for 
3 hours; and the porosity electric conduction sheet whjch consists of a PAN system carbon staple fiber to 
which PFA adhered 3% of the weight was created. The eyes of this porosity electric conduction sheet were 
3 g/m2. and thickness was 20 micrometers. 

[0101] (2) Catalyst support carbon (catalyst ;P. t. VulcanXCmade from carbon;Cabot- 72. amount of 
platinum support;30wt%) 2g and i-propanol were added to 5g (5 % of the weight) of Nafion solutions made 
from Aldrich of creation marketing of catalyst-polymer complex, and the dispersion liquid which stir well 
and contain catalyst-polymer complex were prepared. 

[01 02] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the 
porosity electric conduction sheet created with the creation above (1) of a catalyst bed were dried after 
impregnation, and the catalyst bed of the sheet which can be become independent from which a porosity 
electric conduction sheet and catalyst-polymer complex became integral construction was created. The 
thickness of 30 micrometers and platinum were attached. amount;0.5 mg/cm2 and Nafion were attached, 
and this catalyst bed was amount;0.2 mg/cm2. 

[01 03] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA). two carbon fiber spun-yam textiles (20% of amounts [ ELAT made from E-TEK and PFA 
attached. ]) which gave a water-repellent finish as electrode substrates, and proton exchange film. 
Nafion112 made from Pont was prepared. The laminating of an electrode substrate / catalyst bed / proton 
exchange film / catalyst bed / the electrode substrate was carried out in this order, and film-electrode 
complex was created by performing a heat press (temperature of 120 degrees C. pressure SOMPa). 
[01 04] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4), the 
polymer electrolyte fuel cell eel was created to the separator this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 60 degrees C, fuel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
600 mW/cm2. 

[01 05] In the coating example 1 (2) of the example 1 (1 ) catalyst bed of a comparison, the electrode 
substrate with a catalyst bed (the thickness of 40 micrometers and platinum attached O.Smg /of 2 and 
Nafion(s) attached [ Amount; ] cm amount;0.2 mg/cm2) was created screen coating and by drying on the 
electrode substrate which used the dispersion liquid containing the catalyst-polymer complex created 
without adding i-propanol in the example 1 . 

[01 06] (2) Two electrode substrates with a catalyst bed created with creation and the assessment above 
(1) of film-electrode complex and the proton exchange film used in the example 1 were prepared. The 
catalyst bed was made to counter the proton exchange film, the laminating of an electrode substrate with a 
catalyst bed / proton exchange film / the electrode substrate with a catalyst bed was carried out in this 
order, and film-electrode complex was created by performing a heat press like an example 1. 
[01 07] An example 1 and these conditions created and estimated the polymer electrolyte fuel cell eel for 
this film-electrode complex. The horsepower outputs were 200 mW/cm2 and were the bad engine 
performance compared with the example 1 . The sag especially by activation polarization is large, and, as for 
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this, the permeate lump by th^^iectrode substrate of catalyst coating y^id is considered to be the cause. 



i^^^ctrode substrate of catalyst coating ^^j^ 



[0108] The creation PAN system carbon fiber (Toray Industries make trading card T-300) of an example 2 
(1) porosity electric conduction sheet was judged to 12mm and 1mm. Water was made to distribute with 
vinylon the staple fiber carbon fiber judged to these 12mm. The carbon fiber paper^making object was 
created by carrying out paper making of these dispersion liquid on a wire gauze. 

[0109] Next, it sank into the PFA dispersion (neo chlorofluocarbon PFA dispersion by Daikin Industries, 
LTD.) which distributed the staple fiber carbon fiber which cut out this paper-making object to 1 mm, and 
dried. Furthermore, heat treatment was performed at 370 degrees C for 3 hours, and the porosity electric 
conduction sheet which consists of a PAN system carbon staple fiber (weight ratio 60:40 (12mm and 1mm)) 
to which PFA adhered 3% of the weight was created. The eyes of this porosity electric conduction sheet 
were 3 g/m2. and thickness was 15 micrometers. 

[01 1 0] (2) Catalyst support carbon (catalyst ;P. t, VulcanXCmade from carbon;Cabot- 72, amount of 
platinum support;50wt%) 1.25g and i-propanol were added to 5g (5 % of the weight) of Nafion solutions made 
from Aldrich of creation marketing of catalyst-polymer complex, and the dispersion liquid which stir well 
and contain catalyst-polymer complex were prepared. 

[01 1 1] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the 
porosity electric conduction sheet created with the creation above (1 ) of a catalyst bed were dried after 
impregnation, and the catalyst bed of the sheet which can be become independent from which a porosity 
electric conduction sheet and catalyst-polymer complex became integral construction was created The 
thickness of 20 micrometers and platinum were attached, amount;0.5 mg/cm2 and Nafion were attached, 
and this catalyst bed was amount;0.2 mg/cm2. 

[01 1 2] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA), two carbon fiber spun-yam textiles (25% of amounts [ ELAT made from E-TEK and PFA 
attached. ]) which gave a water-repellent finish as electrode substrates, and proton exchange film. 
Nafion112 made from Pont was prepared. The laminating of an electrode substrate / catalyst bed / proton 
exchange film / catalyst bed / the electrode substrate was carried out in this order, and film-electrode 
complex was created by performing a heat press (temperature of 120 degrees C, pressure SOMPa). 
[01 1 3] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4), the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-differenee (I-V) measurement was performed in 60 degrees C. fuel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%. the horsepower output was 
650 mW/cm2. 

[01 14] The creation PAN system carbon fiber (Toray Industries make trading card T-300) of an example of 
comparison 2(1) porosity electric conduction sheet was judged to 12mm and 1mm. Water was made to 
distribute with vinylon the staple fiber carbon fiber judged to these 12mm. The carbon fiber paper-making 
object was created by carrying out paper making of these dispersion liquid on a wire gauze. 
[01 15] Next, it sank into the PFA dispersion (neo chlorofluocarbon PFA dispersion by Daikin Industries, 
LTD.) which distributed the staple fiber carbon fiber which cut out this paper-making object to 1mm. and 
dried. Furthermore, heat treatment was performed at 370 degrees C for 3 hours, and the porosity electric 
conduction sheet which consists of a PAN system carbon staple fiber (weight ratio 60:40 (12mm and 1mm)) 
to which PFA adhered 3% of the weight was created. The eyes of this porosity electric conduction sheet 
were 20 g/m2, and thickness was 80 micrometers. 

[01 1 6] (2) Catalyst support carbon (catalyst ;P. t, VulcanXCmade from carbon;Cabot- 72, amount of 
platinum support;50wt%) 1.25g and i-propanol were added to 5g (5 % of the weight) of Nafion solutions made 
from Aldrich of creation marketing of catalyst-polymer complex, and the dispersion liquid which stir well 
and contain catalyst-polymer complex were prepared. 

[01 1 7] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the 
porosity electric conduction sheet created with the creation above (1) of a catalyst bed were dried after 
impregnation, and the catalyst bed of the sheet which can be become independent from which a porosity 
electric conduction sheet and catalyst-polymer complex became integral construction was created The 
thickness of 80 micrometers and platinum were attached, amount;0.5 mg/cm2 and Nafion were attached, 
and this catalyst bed was amount;0.2 mg/cm2. 

[01 18] (4) Film-electrode complex was created like the example 2 using two catalyst beds created with the 
creation above (3) of film-electrode complex (MEA). 

[01 1 9] (5) When the polymer electrolyte fuel cell eel was created on both sides of the film-electrode 
complex created with the fiiel cell assessment above (4) to the separator and current-electrical-potential- 
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difference (I-V) measurement v^^^erFormed on an example 2 and these^^ditions, the horsepower output 
was 350 mW/cm2 and activatio^^iarization and diffusion polarization oi^^pne performance were greatly 
poor. 

[01 20] The creation PAN system carbon fiber (Toray Industries make trading card T-300) of an example 3 
(-1) porosity electric conduction sheet was judged to 6mm. Water was made to distribute with vinylon the 
staple fiber carbon fiber judged to these 6mm. The carbon fiber paper-making object was created by 
carrying out paper making of these dispersion liquid on a wire gauze. 

[0121] Next, it sank into the PFA dispersion (neo chlorofluocarbon PFA dispersion by Daikin Industries, 
LTD.) which distributed acetylene black (DIN by DENKI KAGAKU KOGYO K.K. a turnip rack) by making this 
paper-making object into carbon black, and dried. Furthermore, heat treatment was performed at 370 
degrees C for 3 hours, and acetylene black created the porosity electric conduction sheet with which PFA 
consists of a PAN system carbon staple fiber which adhered 10% of the weight 5% of the weight. The eyes 
of this porosity electric conduction sheet were 3 g/m2. and thickness was 13 micrometers. 
[01 22] (2) Catalyst support carbon (catalyst ;P. t. VulcanXCmade from carbon;Gabot- 72, amount of 
platinum support;40wt%) 0.78g and ethanol were added to 5g (5 % of the weight) of Nafion solutions made 
from Aldrich of creation marketing of catalyst-polymer complex, and the dispersion liquid which stir well 
and contain catalyst-polymer complex were prepared. 

[01 23] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the 
porosity electric conduction sheet created with the creation above (1) of a catalyst bed were dried after 
impregnation, and the catalyst bed of the sheet which can be become independent from which a porosity 
electric conduction sheet and catalyst-polymer complex became integral construction was created. The 
thickness of 15 micrometers and platinum were attached, amount;0.4 mg/cm2 and Nafion were attached, 
and this catalyst bed was amount;0.32 mg/cm2. 

[0124] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA), two carbon fiber spun-yam textiles (25% of amounts [ ELAT made from E-TEK and PFA 
attached ]) which gave a water-repellent finish as electrode substrates, and proton exchange film. 
Nafion112 made from Pont was prepared. The laminating of an electrode substrate / catalyst bed / proton 
exchange film / catalyst bed / the electrode substrate was carried out in this order, and film-electrode 
complex was created by performing a heat press (temperature of 1 20 degrees C, pressure 40MPa). 
[0125] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4), the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 80 degrees C, fuel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
700 mW/cm2. 

[01 26] It is [ screen coating and ] drying on the electrode substrate (acetylene black adhered 80% of the 
weight, and lOmg /of PFA(s) adhered 20 % of the weight two times cm) which carried out coating of the 
carbon black on the carbon fiber spun-yam textiles electrode which used the dispersion liquid containing 
the catalyst-polymer complex created in the coating example 3 (2) of the example 3 (1) catalyst bed of a 
comparison, without adding ethanol in the example 3. The electrode substrate with a catalyst bed (the 
thickness of 1 5 micrometers and platinum attached and amount;0.4 mg/cm2 and Nafion attached 
amount;0.32 mg/cm2) was created. 

[01 27] (2) Two electrode substrates with a catalyst bed created with creation and the assessment above 
(1) of film-electrode complex and the proton exchange film used in the example 1 were prepared. The 
catalyst bed was made to counter the proton exchange film, the laminating of an electrode substrate with a 
catalyst bed / proton exchange film / the electrode substrate with a catalyst bed was carried out in this 
order, and film-electrode complex was created by performing a heat press like an example 3. 
[0128] An example 3 and these conditions created and estimated the polymer electrolyte fuel cell eel for 
this film-electrode complex. The horsepower outputs were 400 mW/cm2 and were the bad engine 
performance compared with the example 3. The sag by the activation polarization especially accompanying 
lowering of gaseous diffusion nature is large, and it is considered to be the cause that this carried out 
coating of the carbon black on the carbon fiber spun-yam textiles electrode. 

[01 29] The creation PAN system carbon fiber (Toray Industries make trading card T-300) of an example 4 
(1) porosity electric conduction sheet was judged to 3mm and 0.1mm. Water was made to distribute with 
vinylon the staple fiber carbon fiber judged to these 3mm. The carbon fiber paper^making object was 
created by carrying out paper making of these dispersion liquid on a wire gauze, 

[01 30] Next, it sank into the PFA dispersion (neo chlorofluocarbon PFA dispersion by Daikin Industries, 
LTD.) which distributed the staple fiber carbon fiber which cut out this paper-making object to 0.1mm, and 
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dried Furthermore, heat treatn^^t was performed at 370 degrees C for J^^rs, and the porosity electric 
conduction sheet which consis^^^ a PAN system carbon staple fiber (v^^rt ratio 80:20 (3mm and 
0.1mm)) to which PFA adhered 3% of the weight was created. The eyes of this porosity electric conduction 
sheet were 5 g/m2. and thickness was 15 micrometers. 

E0131] (2) The dispersion liquid which stir well catalyst support carbon (catalyst ;P. t, VulcanXCmade from 
carbon;Cabot~ 72. amount of platinum support;50wt%) 0.63g in 5g (5 X of the weight) of Nafion solutions 
made from Aldrich of creation marketing of catalyst-polymer complex, and contain catalyst-polymer 
Complex in them were prepared. 

[01 32] (3) The catalyst bed of the sheet which can be become independent from which the dispersion liquid 
containing the catalyst-polymer complex created above (2) were dried after coating by screen-stencil, and 
a porosity electric conduction sheet and catalyst-polymer complex became integral construction on the 
porosity electric conduction sheet created with the creation above (1 ) of a catalyst bed was created. The 
thickness of 20 micrometers and platinum were attached, amount;0.4 mg/cm2 and Nafion were attached, 
and this catalyst bed was amount;0.32 mg/cm2. 

[01 33] (4) The staple fiber and expanded graphite powder (the Toyo Tanso make, bulk density 0.14g/cm3, 
the mean diameter 1 00, or 200 micrometers) of a PAN system carbon fiber which were cut into creation 
die length of 1 2mm of an electrode substrate were mixed to 1:1 by the weight ratio, and it distributed in the 
sodium carboxymethyl-cellulose water solution. The sheet with which expanded graphite powder adhered 
to the staple fiber of a carbon fiber was milled on the wire gauze using these dispersion liquid. The filter 
paper of two sheets was lightly pressurized on both sides of the sheet in order to remove moisture. Then, 
the filter paper was removed and the sheet was dried. The roll press of the sheet was carried out after 
desiccation, and the porosity electric conduction sheet was manufactured. The obtained sheets were 80 
g/m2. After performing 200 degrees C and heat treatment for 30 minutes for this porosity electric 
conduction sheet in air. it sank in, PFA dispersion (neo chlorofluocarbon PFA dispersion. Daikin Industries, 
LTD. make) was inserted into the filter paper of two sheets, and it pressurized and dried lightly. 
Furthermore 400 degrees C and heat treatment of 3 hours were performed, pressurizing this sheet by 
14.7kPa (0.15 kgf/cm2). and the electrode substrate was manufactured. Expanded graphite was attached, 
as for the amount, PFA was attached 50% of the weight, and the amount was 1 5 % of the weight. 
[01 34] (5) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA), two electrode substrates created with the above (4). and proton exchange film. Nafionl12 made 
from Pont was prepared. The laminating of an electrode substrate / catalyst bed / proton exchange film / 
catalyst bed / the electrode substrate was carried out in this order, and film-electrode complex was 
created by performing a heat press (temperature of 130 degrees C. pressure 50MPa). 

[0135] (6) On both sides of the film-electrode complex created with the fuel cell assessment above (5). the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 70 degrees C, fuel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
500 mW/cm2. 

[0136] The electrode substrate with a catalyst bed (the thickness of 20 micrometers and platinum 
attached 0.4mg /of 2 and Nafion(s) attached [ Amount; ] cm amount;0.32 mg/cm2) was created screen 
coating and by drying on the electrode substrate which carried out coating of the carbon black on the 
porosity electric conduction sheet which created the dispersion liquid containing the catalyst-polymer 
complex created in the coating example 4 (2) of the example 4 (1 ) catalyst bed of a comparison in the 
example 4 (4). 

[01 37] (2) Two electrode substrates with a catalyst bed created with creation and the assessment above 
(1) of film-electrode complex and the proton exchange film used in the example 1 were prepared. The 
catalyst bed was made to counter the proton exchange film, the laminating of an electrode substrate with a 
catalyst bed / proton exchange film / the electrode substrate with a catalyst bed was carried out in this 
order, and film-electrode complex was created by performing a heat press like an example 4. 
[0138] An example 4 and these conditions created and estimated the polymer electrolyte fuel cell eel for 
this film-electrode complex. The horsepower outputs were 350 mW/cm2 and were the bad engine 
performance compared with the example 4. The sag by the activation polarization especially accompanying 
lowering of gaseous diffusion nature is large, and it is considered to be the cause that this carried out ' 
coating of the carbon black on the carbon fiber spun-yam textiles electrode. 

[01 39] After cutting the creation PAN system fire resistanee-ized yam of an example 5(1 ) porosity electric 
conduction sheet into the staple fiber and card-izing it, by the water jet punching method, nonwoven fabric 
processing was carried out and carbonization processing was performed at 1 600 degrees C. It sank into the 
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PTFE dispersion (Pori Flon TF^kpersion by Daikin Industries. LTD.) whij^distributed carbon black 
(acetylene black; DIN by DENt^^iCAKU KOGYO K.K. a turnip rack), an^^s carbon fiber nonwoven fabric 
was dried. Furthermore, heat treatment was performed at 400 degrees C for 3 hours, and carbon black 
created the porosity electric conduction sheet which consists of a PAN system carbon staple fiber 
nonwoven fabric to which PTFE adhered 20% of the weight 10% of the weight The eyes of this porosity 
electric conduction sheet were 3 g/m2, and thickness was 10 micrometers. 

[0140] (2) The dispersion liquid which may add catalyst support carbon (catalyst ;P. t. VulcanXCmade from 
t5arbon;Cabot- 72. amount of platinum support;50wt%) 0,83g to 5g (5 % of the weight) of Nafion solutions 
made from Aldrich of creation marketing of catalyst-polymer complex, stir, and contain catalyst-polymer 
complex were prepared. 

[0141] (3) The catalyst bed of the sheet which can be become independent from which the dispersion liquid 
containing the catalyst-polymer complex created above (2) were dried after coating by screen-stencil, and 
a porosity electric conduction sheet and catalyst-polymer complex became integral construction on the 
porosity electric conduction sheet created with the creation above (1) of a catalyst bed was created The 
thickness of 1 5 micrometers and platinum were attached. amount;0.4 mg/cm2 and Nafion were attached, 
and this catalyst bed was amount;0.24 mg/cm2. 

[0142] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA). two carbon fiber papers (Toray Industries TGP-H -060) which gave a water-repellent finish as an 
electrode substrate, and proton exchange film. Nafion112 made from Pont was prepared The laminating of 
an electrode substrate / catalyst bed / proton exchange film / catalyst bed / the electrode substrate was 
carried out in this order, and film-electrode complex was created by performing a heat press (temperature 
of 150 degrees C. pressure 50MPa). 

[0143] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4). the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 80 degrees C, fuel gas; 
hydrogen, oxidation gas; air. and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
600 mW/cm2. 

[01 44] After cutting the creation PAN system fire resistance-ized yam of an example 6(1 ) porosity electric 
conduction sheet into the staple fiber and card-izing it, nonwoven fabric processing was carried out by the 
water jet punching method, carbonization processing was performed at 1600 degrees C. and the porosity 
electric conduction sheet was created. The eyes of this porosity electric conduction sheet were 3 g/m2, 
and thickness was 10 micrometers. 

[0145] (2) The dispersion liquid which may add catalyst support carbon (catalyst ;P. t, VulcanXCmade from 
carbon;Cabot- 72. amount of platinum support;50wt%) to the creation PTFE dispersion (Pori Flon TFE 
dispersion by Daikin Industries, LTD.) of catalyst-polymer complex, stir, and contain catalyst-polymer 
complex were prepared 

[0146] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the 
porosity electric conduction sheet top created with the creation above (1) of a catalyst bed were dried 
after impregnation, and the catalyst bed of the sheet which can be become independent from which a 
porosity electric conduction sheet and catalyst-polymer complex became integral construction was 
created. Impregnation and the catalyst bed which dries and contains a proton exchange polymer were 
created in the Nafion solution made from Aldrich of marketing of this catalyst bed (5 % of the weight). The 
thickness of 1 5 micrometers and platinum were attached, amount;0.4 mg/cm2 and Nafion were attached, 
amount;0-2mg/cm2 and PTFE were attached, and this catalyst bed was amount;0.2 mg/cm2. 
[01 47] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA), two carbon fiber spun-yam textiles (ELAT made from E— TEK) which gave a water-repellent finish 
as electrode substrates, and proton exchange film. Nafion112 made from Pont was prepared. The laminating 
of an electrode substrate / catalyst bed / proton exchange film / catalyst bed / the electrode substrate 
was carried out in this order, and film-electrode complex was created by performing a heat press 
(temperature of 140 degrees C. pressure 50MPa). 

[01 48] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4). the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 70 degrees C, fuel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
600 mW/cm2. 

[0149] After cutting the creation polyphenylene sulfide fiber of an example 7(1) porosity electric 
conduction sheet into the staple fiber and card-izing it, nonwoven fabric processing was carried out by the 
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needle punching method, and tJ^Jaon-conductive nonwoven fabric was (^[^^ed. This non-conductive 
textile was sunk into N-methy^^Volidone solution of PVDF which distr^^^d carbon black (acetylene 
black; DIN by the electrical machinery chemical-industry company a turnip rack), and wet coagulation was 
performed by being promptly immersed in a methanol. This was dried and the porosity electric conduction 
sheet to which PVDF adhered 3% of the weight was created. The eyes of this porosity electric conduction 
sheet were 4 g/m2. and thickness was 20 micrometers. 

tOI 50] (2) The dispersion liquid which may add catalyst support carbon (catalyst-t, BlackPearls made from 
carbon;Cabot, amount of platinum support;30wt%) 1 .Og to 5g (5 % of the weight) of Nafion solutions made 
from Aldrich of creation marketing of catalyst-polymer complex, stir, and contain catalyst-polymer complex 
were prepared. 

[01 51] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the 
porosity electric conduction sheet created with the creation above (1) of a catalyst bed were dried after 
impregnation, and the catalyst bed of the sheet which can be become independent from which a porosity 
electric conduction sheet and catalyst-polymer complex became integral construction was created. The 
thickness of 25 micrometers and platinum were attached. amount;0.4 mg/cm2 and Nafion were attached, 
and this catalyst bed was amount;0.32 mg/cm2. 

[01 52] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA), two carbon fiber papers (Toray Industries TGP-H -060) which gave a water-repellent finish as an 
electrode substrate, and proton exchange film. Nafion112 made from Pont was prepared. The laminating of 
an electrode substrate / catalyst bed / proton exchange film / catalyst bed / the electrode substrate was 
carried out in this order, and film-electrode complex was created by performing a heat press (temperature 
of 1 30 degrees C. pressure 50MPa). 

[01 53] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4), the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 70 degrees C, fuel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
600 mW/cm2. 

[01 54] After cutting the creation PAN system fire resistance-ized yam of an example 8(1) porosity electric 
conduction sheet into the staple fiber and card-izing it, nonwoven fabric processing was carried out by the 
needle punching method, carbonization processing was performed at 1400 degrees C, and the porosity 
electric conduction sheet was created. The eyes of this porosity electric conduction sheet were 3 g/m2, 
and thickness was 1 5 micrometers. 

[01 55] (2) The Nafion solution made from Aldrich of creation marketing of catalyst-polymer complex (5 % of 
the weight) was condensed, and it could be 1 5 % of the weight The dispersion liquid which may add 
catalyst support carbon (catalyst ;P. t, VulcanXCmade from carbon;Cabot- 72, amount of platinum 
support;50wt%) 1 .88g to 5g of this solution, stir, and contain catalyst-polymer complex were prepared. 
[01 56] (3) After impregnation, it sinks into a methanol promptly, and wet coagulation is performed to the 
dispersion liquid containing the catalyst-polymer complex which created above (2) the porosity electric 
conduction sheet created with the creation above (1) of a catalyst bed, they were dried, a porosity electric 
conduction sheet and catalyst-polymer complex became integral construction, and the catalyst bed of the 
sheet which can be become independent which has fine porous structure was created. The thickness of 25 
micrometers and platinum were attached, amount;0.3 mg/cm2 and Nafion were attached, and this catalyst 
bed was amount;0.24 mg/cm2. 

[01 57] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA), two carbon fiber papers (Toray Industries TGP-H -060) which gave a water-repellent finish as an 
electrode substrate, and proton exchange film. Nafioni 1 2 made from Pont was prepared. The laminating of 
an electrode substrate / catalyst bed / proton exchange film / catalyst bed / the electrode substrate was 
carried out in this order, and film-electrode complex was created by performing a heat press (temperature 
of 1 50 degrees C, pressure 50MPa). 

[0158] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4), the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 80 degrees C. fuel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%, the horsepower output-was 
700 mW/em2. 

[0159] The creation PTFE fiber (Toray Industries Toyo Flon) of an example 9(1) non-conductive textile was 
Judged to 3mm. The carboxymethyl-cellulose (CMC) water solution was made to distribute this cut-out 
staple fiber PTFE. The PTFE paper-making object was created by carrying out paper making of these 
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dispersion liquid on a wire gauz< 
[01 60] Next. application-of-pr4 




e heat 



treatment was 



performed for 




laper^making object at 370 



degrees C for 3 hours, and the non-conductive textile was created. The eyes of this non-conductive 
textile were 10 g/m2. and thickness was 20 micrometers. 

EOl 61] (2) Catalyst support carbon (catalyst ;P. t. VulcanXCmade from carbon;Cabot- 72, amount of 
platinum support;50wt%) 1 .25g and i-propanol were added to 5g (5 % of the weight) of Nafion solutions made 
from Aldrich of creation marketing of catalyst-polymer complex, and the dispersion liquid which stir well 
and contain catalyst-polymer complex were prepared. 
- [01 62] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the non- 
conductive textile created with the creation above (1) of a catalyst bed were dried after impregnation, and 
the catalyst bed of the sheet which can be become independent from which a non-conductive textile and 
catalyst-polymer complex became integral construction was created. The thickness of 20 micrometers and 
platinum were attached. amount;0.5 mg/cm2 and Nafion were attached, and this catalyst bed was 
amount;0.2 mg/cm2. 

[01 63] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA), two carbon fiber spun-yam textiles (25% of amounts [ ELAT made from E-TEK and PFA 
attached ]) which gave a water-repellent finish as electrode substrates, and proton exchange film. 
Nafion112 made from Pont was prepared. The laminating of an electrode substrate / catalyst bed / proton 
exchange film / catalyst bed / the electrode substrate was carried out in this order, and film-electrode 
complex was created by performing a heat press (temperature of 130 degrees C. pressure 50MPa). 
[0164] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4). the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 60 degrees C. fuel gas; 
hydrogen, oxidation gas; air. and rate; anode of gas utilization 70%/cathode 40%. the horsepower output was 
650 mW/cm2. 

[01 65] In the coating example 9 (2) of the example 5 (1 ) catalyst bed of a comparison, the electrode 
substrate with a catalyst bed (the thickness of 30 micrometers and platinum attached 0.5mg /of 2 and 
Nafion(s) attached [ Amount; ] cm amount;0.2 mg/cm2) was created screen coating and by drying on the 
electrode substrate which used the dispersion liquid containing the catalyst-polymer complex created 
without adding i-propanol in the example 9. 

[01 66] (2) Two electrode substrates with a catalyst bed created with creation and the assessment above 
(1) of film-electrode complex and the proton exchange film used in the example 9 were prepared. The 
catalyst bed was made to counter the proton exchange film, the laminating of an electrode substrate with a 
catalyst bed / proton exchange film / the electrode substrate with a catalyst bed was carried out in this 
order, and film-electrode complex was created by performing a heat press (temperature of 1 30 degrees C. 
pressure 50MPa) like an example 9. 

[01 67] An example 1 .1 and these conditions created and estimated the polymer electrolyte fuel cell eel for 
this film-electrode complex. The horsepower outputs were 200 mW/cm2 and were the bad engine 
performance compared with the example 9. The sag especially by activation polarization was large, and this 
judged the creation PFA fiber (Toray Industries Toyo Flon) of the example 10(1) non-conductive textile by 
which the permeate lump by the electrode substrate of catalyst coating liquid is considered to be the 
cause to 3mm. The CMC water solution was made to distribute this cut-out staple fiber PFA. The PFA 
paper-making object was created by carrying out paper making of these dispersion liquid on a wire gauze. 
[01 68] Next, the non-conductive textile was created by performing heat treatment for this paper-making 
object at 280 degrees C for 3 hours. By extending this non-conductive textile, as for eyes. 10 g/m2 was 
obtained, and, as for thickness, 15 micrometers was obtained. 

[01 69] (2) Catalyst support carbon (catalyst ;P. t. VulcanXCmade from carbon;Cabot- 72. amount of 
platinum support;50wt%) 1.25g and ethanol were added to 5g (5 % of the weight) of Nafion solutions made 
from Aldrich of creation marketing of catalyst-polymer complex, and the dispersion liquid which stir well 
and contain catalyst-polymer complex were prepared. 

[01 70] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the non- 
conductive textile created with the creation above (1) of a catalyst bed were dried after impregnation, and 
the catalyst bed of the sheet which can be become independent from which a non-conductive textile and 
catalyst- polymer complex became integral construction was created. The thickness of 15 micrometers and 
platinum were attached, amount;0.4 mg/cm2 and Nafion were attached, and this catalyst bed was 
amount;0.16 mg/cm2. 

[01 71] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
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(MEA), two carbon fiber spun-^j^textiles (25% of amounts [ ELAT madj^om E-TEK and PFA 
attached. ]) which gave a wate^P^ellent finish as electrode substrates,^^ proton exchange film. 
Nafion112 made from Pont was prepared. The laminating of an electrode substrate / catalyst bed / proton 
exchange film / catalyst bed / the electrode substrate was carried out in this order, and film-electrode 
isomplex was created by performing a heat press (temperature of 130 degrees C, pressure 50MPa). 
^01 72] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4), the 
polymer electrolyte fuel cell eel was created to the separator this fuel cell eel — eel temperature; — when 
Current-electrical-potential-difference (I-V) measurement was performed in 60 degrees C, fuel gas; 
hydrogen, oxidation gas; air. and rate; anode of gas utilization 70%/cathode 40%. the horsepower output was 
650 mW/cm2. 

[01 73] The creation FEP fiber (Toray Industries Toyo Flon) of an example of comparison 6(1) porosity 
electric conduction sheet was judged to 3mm. Water was made to distribute with vinylon the staple fiber 
PFA cut out to these 3mm. The PFA fiber paper-making object was created by carrying out paper making 
of these dispersion liquid on a wire gauze. 

[01 74] Next heat treatment was performed for this papei^making object at 250 degrees C for 3 hours, and 
the non-conductive textile was created. The eyes of this porosity electric conduction sheet were 40 g/m2, 
and thickness was 80 micrometers. 

[01 75] (2) Catalyst support carbon (catalyst ;P. t. VulcanXCmade from carbon;Cabot- 72. amount of 
platinum support;50wt%) 1.25g and ethanol were added to 5g (5 % of the weight) of Nafion solutions made 
from Aldrich of creation marketing of catalyst-polymer complex, and the dispersion liquid which stir well 
and contain catalyst-polymer complex were prepared. 

[0176] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the non- 
conductive textile created with the creation above (1) of a catalyst bed were dried after impregnation, and 
the catalyst bed of the sheet which can be become independent from which a non-conductive textile and 
catalyst-polymer complex became integral construction was created. The thickness of 80 micrometers and 
platinum were attached. amount;0.4 mg/cm2 and Nafion were attached, and this catalyst bed was 
amount;0.16 mg/cm2. 

[01 77] (4) Film-electrode complex was created like the example 1 0 using two catalyst beds created with 
the creation above (3) of film-electrode complex (MEA). 

[0178] (5) When the polymer electrolyte fuel cell eel was created on both sides of the film-electrode 
complex created with the fuel cell assessment above (4) to the separator and current-eleetrieal-potential- 
difference (I-V) measurement was performed on an example 10 and these conditions, the horsepower 
output was 350 mW/cm2 and activation polarization of engine performance was greatly poor. 
[01 79] The creation PTFE fiber (Toray Industries Toyo Flon) of an example 1 1(1) non-conductive textile 
was judged to 6mm. The CMC water solution was made to distribute the staple fiber PFA cut out to these 
6mm. The PFA fiber paper-making object was created by carrying out paper making of these dispersion 
liquid on a wire gauze. 

[0180] Next, it sank into the PFA dispersion (neo chlorofluocarbon PFA dispersion by Daikin Industries. 
LTD.) which distributed acetylene black (DIN by DENKI KAGAKU KOGYO K.K. a turnip rack) by making this 
paper-making object into carbon black, and dried. Furthermore, heat treatment was performed at 370 
degrees C for 3 hours, and the textile to which carbon black is attached and which an amount becomes 
from the PTFE staple fiber which is 10 % of the weight was created By extending this textile, eyes 
obtained 3 g/m2 and thickness obtained the 1 3-micrometer non-conductive textile. 
[01 81] (2) Catalyst support carbon (catalyst ;P. t, VulcanXCmade from carbon;Cabot- 72. amount of 
platinum support;40wt%) 0.78g and ethanol were added to 5g (5 % of the weight) of Nafion solutions made 
from Aldrich of creation marketing of catalyst-polymer complex, and the dispersion liquid which stir well 
and contain catalyst-polymer complex were prepared. 

[0182] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the 
textile created with the creation above (1) of a catalyst bed were dried after impregnation, and the catalyst 
bed of the sheet which can be become independent from which a textile sheet and catalyst-polymer 
complex became integral construction was created. The thickness of 15 micrometers and platinum were 
attached. amount;0.4 mg/cm2 and Nafion were attached, and this catalyst bed was amount;0.32 mg/cm2. 
[01 83] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex - 
(MEA). two carbon fiber spun-yam textiles (25% of amounts [ ELAT made from E-TEK and PFA 
attached. ]) which gave a water-repellent finish as electrode substrates, and proton exchange film. 
Nafioni 12 made from Pont was prepared The laminating of an electrode substrate / catalyst bed / proton 
exchange film / catalyst bed / the electrode substrate was carried out in this order, and film-electrode 
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complex was created by perfcijMj^ a heat press (temperature of 130 d^^es pressure 50MPa). 
[0184] (5) On both sides of th^^i-electrode complex created with the^^ceil assessment above (4). the 
polymer electrolyte fuel cell eel was created to the separator this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 80 degrees C, fuel gas; 
bydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
700 mW/cm2. 

t0185] The creation PTFE fiber (Toray Industries Toyo Flon) of an example 12(1) non-conductive textile 
^as judged to 3mm. The amount of one half of the staple fiber PTFE fiber judged to these 3mm was taken, 
and the beating PTFE fibrillated by mashing this was obtained. The CMC water solution was made to 
distribute Beating PTFE for the 3mm staple fiber PTFE. and the PTFE paper-making sheet was created by 
carrying out paper making of these dispersion liquid on a wire gauze. 

[01 86] Next, the non-conductive textile which extends at 370 degrees C and consists this paper-making 
sheet of PTFE after 3-hour heat treatment at them was created. The eyes of this non-conductive textile 
were 1 0 g/m2, and thickness was 1 0 micrometers. 

[0187] (2) The dispersion liquid which stir well catalyst support carbon (catalyst ;P. t. VulcanXCmade from 
carbon;Cabot- 72, amount of platinum support;50wt%) 0.63g in 5g (5 % of the weight) of Nafion solutions 
made from Aldrich of creation marketing of catalyst-polymer complex, and contain catalyst-polymer 
complex in them were prepared. 

[01 88] (3) The catalyst bed of the sheet which can be become independent from which the dispersion liquid 
containing the catalyst-polymer complex created above (2) were dried after coating by screen-stencil, and 
a porosity electric conduction sheet and catalyst-polymer complex became integral construction on the 
porosity electric conduction sheet created with the creation above (1) of a catalyst bed was created The 
thickness of 20 micrometers and platinum were attached, amount;0.4 mg/cm2 and Nafion were attached, 
and this catalyst bed was amount;0.32 mg/cm2. 

[0189] (4) The staple fiber and expanded graphite powder (the Toyo Tanso make, bulk density 0.14g/cm3, 
the mean diameter 100, or 200 micrometers) of a PAN system carbon fiber which were cut into creation 
die length of 1 2mm of an electrode substrate were mixed to 1:1 by the weight ratio, and it distributed in the 
sodium carboxymethyl-cellulose water solution. The sheet with which expanded graphite powder adhered 
to the staple fiber of a carbon fiber was milled on the wire gauze using these dispersion liquid. The filter 
paper of two sheets was lightly pressurized on both sides of the sheet in order to remove moisture. Then, 
the filter paper was removed and the sheet was dried. The roll press of the sheet was carried out after 
desiccation, and the porosity electric conduction sheet was manufactured. The obtained sheets were 80 
g/m2. After performing 200 degrees C and heat treatment for 30 minutes for this porosity electric 
conduction sheet in air. it sank in, PFA dispersion (neo chlorofluocarbon PFA dispersion, Daikin Industries, 
LTD. make) was inserted into the filter paper of two sheets, and it pressurized and dried lightly. 
Furthermore 400 degrees C and heat treatment of 3 hours were performed, pressurizing this sheet by 
14.7kPa (0.15 kgf/cm2). and the electrode substrate was manufactured. PFA was attached and the amount 
was 1 5 % of the weight. 

[0190] (5) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA), two electrode substrates created with the above (4), and proton exchange film. Nafion112 made 
from Pont was prepared. The laminating of an electrode substrate / catalyst bed / proton exchange film / 
catalyst bed / the electrode substrate was carried out in this order, and film-electrode complex was 
created by performing a heat press (temperature of 130 degrees C, pressure 50MPa). 

[0191] (6) On both sides of the film-electrode complex created with the fuel cell assessment above (5), the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 70 degrees C, fuel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
500 mW/cm2. 

[0192] After cutting the creation PAN system fire resistance-ized yam of an example 13(1) non- 
conductive textile into the staple fiber and card-izing it, nonwoven fabric processing was carried out by the 
water jet punching method. The eyes of this fire resistance-ized nonwoven fabric were 10 g/m2, and 
thickness was 20 micrometers. 

[01 93] (2) The dispersion liquid which may add catalyst support carbon (catalyst ;P. t, VulcanXCmade from 
carbon;Cabot- 72. amount of platinum support;50wt%) 0-83g to 5g (5 % of the weight) of Nafion solutions 
made from Aldrich of creation marketing of catalyst-polymer complex, stir, and contain catalyst-polymer 
complex were prepared. 

[0194] (3) The catalyst bed of the sheet which can be become independent from which the roll press 
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performed pressure treatmen^^ a non-conductive textile and cataly^^^lymer complex became integral 
construction after coating anc^^Biccation by screen-stencil about the^^ersion liquid containing the 
catalyst-polymer complex created above (2) on the porosity electric conduction sheet created with the 
creation above (1) of a catalyst bed was created. The thickness of 10 micrometers and platinum were 
attached. amount;0.4 mg/cm2 and Nafion were attached, and this catalyst bed was amount;0.24 mg/cm2. 
- [01 95] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
XMEA), two carbon fiber papers (Toray Industries TGP-H -060) which gave a water-repellent finish as an 
^electrode substrate, and proton exchange film. Nafioni 12 made from Pont was prepared. The laminating of 
an electrode substrate / catalyst bed / proton exchange film / catalyst bed / the electrode substrate was 
carried out in this order, and film-electrode complex was created by performing a heat press (temperature 
of 1 30 degrees C, pressure 50MPa). 

[01 96] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4). the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 80 degrees C, fuel gas; 
hydrogen, oxidation gas; air. and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
600 mW/cm2. 

[01 97] Extending the creation PTFE paper-making object (TOMIFAI lek FPmade of **** paper making- 50) 
of an example 14(1) non-conductive textile, eyes created 5 g/m2 and thickness created the 1 5-micrometer 
non-conductive textile. 

[0198] (2) The dispersion liquid which may add catalyst support carbon (catalyst ;P. t, VulcanXCmade from 
carbon;Cabot- 72, amount of platinum support;50wt%) to the creation PTFE dispersion (Pori Flon TFE 
dispersion by Daikin Industries, LTD.) of catalyst-polymer complex, stir, and contain catalyst-polymer 
complex were prepared. 

[0199] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the non- 
conductive textile created with the creation above (1) of a catalyst bed were dried after impregnation, and 
the catalyst bed of the sheet which can be become independent from which an unjust conductivity textile 
and catalyst-polymer complex became integral construction was created. Impregnation and the catalyst 
bed which dries and contains a proton exchange polymer were created in the Nafion solution made from 
Aldrich of marketing of this catalyst bed (5 % of the weight). The thickness of 1 5 micrometers and platinum 
were attached, amount;0.4 mg/cm2 and Nafion were attached, and this catalyst bed was amount;0.2 
mg/cm2. 

[0200] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(ME A), two carbon fiber spun-yam textiles (ELAT made from E-TEK) which gave a water-repellent finish 
as electrode substrates, and proton exchange film. Nafioni 12 made from Pont was prepared. The laminating 
of an electrode substrate / catalyst bed / proton exchange film / catalyst bed / the electrode substrate 
was carried out in this order, and film-electrode complex was created by performing a heat press 
(temperature of 130 degrees C, pressure 50MPa). 

[0201] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4), the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrieal-potential-difference (I-V) measurement was performed in 70 degrees C, fliel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
600 mW/em2. 

[0202] The creation PAN system fire resistance-ized yam of an example 15(1) non-conductive textile was 
cut out to 3mm. PFA dispersion (neo chlorofluocarbon dispersion, Daikin Industries. LTD. make) was made 
to distribute the fire resistance-ized staple fiber cut out to these 3mm. The fire resistance-ized fiber 
paper-making sheet was created by carrying out paper making of these dispersion liquid on a wire gauze. 
[0203] Next, the non-conductive textile which performs a roll press and consists this paper-making sheet 
of a fire resistance-ized staple fiber after 3-hour heat treatment at 370 degrees C was created. The eyes 
of this non-conductive textile were 10 g/m2. and thickness was 10 micrometers. 

[0204] This textile was sunk into N-methyl pyrrolidone solution of PVDF which distributed carbon black 
(acetylene black; DIN by DENKI KAGAKU KOGYO K.K. a turnip rack), and wet coagulation was performed 
by being promptly immersed in a methanol. This was dried and carbon black created the porosity electric 
conduction sheet which consists of a PAN system carbon staple fiber nonwbven fabric to which PVDF 
adhered 1% of the weight 5% of the weight The eyes of this porosity electric conduction sheet were 4 
g/m2, and thickness was 20 micrometers. 

[0205] (2) The dispersion liquid which may add catalyst support carbon (catalyst-t. BlackPearls made from 
carbon; Cabot, amount of platinum support;30wt%) 1 .Og to 5g (5 % of the weight) of Nafion solutions made 
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from Aldrich of creation marke^M^of catalyst-polymer complex, stir, ancta|Qntain catalyst-polymer complex 
were prepared. 

[0206] (3) The dispersion liquid containing the catalyst-polymer complex which created above (2) the non- 
conductive textile created with the creation above (1) of a catalyst bed were dried after impregnation, and 
the catalyst bed of the sheet which can be become independent from which a non-conductive textile and 
catalyst-polymer complex became integral construction was created. The thickness of 25 micrometers and 
platinum were attached, amount;0.4 mg/cm2 and Nafion were attached, and this catalyst bed was 
Smount;0.32 mg/cm2. 

[0207] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA). two carbon fiber papers (Toray Industries TGP-H -060) which gave a water-repellent finish as an 
electrode substrate, and proton exchange film. Nafion112 made from Pont was prepared. The laminating of 
an electrode substrate / catalyst bed / proton exchange film / catalyst bed / the electrode substrate was 
carried out in this order, and film-electrode complex was created by performing a heat press (temperature 
of 1 30 degrees C, pressure 50MPa). 

[0208] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4). the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
current-electrical-potential-difference (I-V) measurement was performed in 70 degrees C, fuel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/cathode 40%, the horsepower output was 
600 mW/cm2. 

[0209] The creation PTFE fiber (Toray Industries Toyo Flon) of an example 16(1) non-conductive textile 
was judged to 3mm. The amount of one half of the PTFE staple fiber cut out to these 3mm was mashed 
and fibrillated, and beating PTFE fiber was obtained. The CMC water solution was made to distribute the 
staple fiber PTFE and beating PTFE fiber which were judged to 3mm. The PTFE fiber paper^making object 
was created by carrying out paper making of these dispersion liquid on a wire gauze. 

[0210] Next this paper-making object was extended after 3-hour heat treatment at 370 degrees C, eyes 
created 1 0 g/m2 and thickness created the 1 0-micrometer non-conductive textile. 

[021 1] (2) The Nafion solution made from Aldrich of creation marketing of catalyst-polymer complex (5 % of 
the weight) was condensed, and it could be 1 5 % of the weight. The dispersion liquid which may add 
catalyst support carbon (catalyst ;P. t, VulcanXCmade from carbon;Cabot- 72, amount of platinum 
support;50wt%) 1.88g to 5g of this solution, stir, and contain catalyst-polymer complex were prepared. 
[0212] (3) After impregnation, it sinks into a methanol promptly, and wet coagulation is performed to the 
dispersion liquid containing the catalyst-polymer complex which created above (2) the non-conductive 
textile created with the creation above (1) of a catalyst bed, they were dried, a non-conductive textile and 
catalyst-polymer complex became integral construction, and the catalyst bed of the sheet which can be 
become independent which has fine porous structure was created. The thickness of 25 micrometers and 
platinum were attached, amount;0.3 mg/cm2 and Nafion were attached, and this catalyst bed was 
amount;0.24 mg/cm2. 

[0213] (4) It is Du as two catalyst beds created with the creation above (3) of film-electrode complex 
(MEA), two carbon fiber papers (Toray Industries TGP-H -060) which gave a water-repellent finish as an 
electrode substrate, and proton exchange film, Nafion112 made from Pont was prepared. The laminating of 
an electrode substrate / catalyst bed / proton exchange film / catalyst bed / the electrode substrate was 
carried out in this order, and film-electrode complex was created by performing a heat press (temperature 
of 130 degrees C. pressure 50MPa). 

[0214] (5) On both sides of the film-electrode complex created with the fuel cell assessment above (4), the 
polymer electrolyte fuel cell eel was created to the separator, this fuel cell eel — eel temperature; — when 
eurrent-electrical-potential-difference (I-V) measurement was performed in 80 degrees C, fuel gas; 
hydrogen, oxidation gas; air, and rate; anode of gas utilization 70%/eathode 40%. the horsepower output was 
700 mW/cm2. 
[021 5] 

[Effect of the Invention] The electrode which solved the problem of the complicated actuation for solving 
the problem of the catalyst **** lump in spreading of a up to [ a porosity base material ]. and avoiding 
swelling of the film in spreading on the proton exchange film by the catalyst bed of this invention is 
obtained, therefore the utilization effectiveness of a catalyst improves, it is the high power engine 
performance, and the low cost-ized electrode by the amount reduction of catalysts is obtained. 
[0216] The electrode of this invention is applied to film-electrode complex (MEA), and also is applied also 
to usual electrochemistry equipment, especially a polymer electrolyte fuel cell, and is applied also to the 
mobile and automobile using this fuel cell. 
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[Translation done.] 
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(OA c i p 1 e X . m^^^iMF 1 e m i o n f£ iTtm 

SJii£o:»7ix^il^^-g'tf3Ky ;x.^V>'-^;^=^U 
^XhMt?fj:\^\ 

[0 0 5 1 ] m^-yi^v-^m^m^:^n^mmmmt^ 

fiJ:itX*l-'8 0%j5W^U<. 5-50%36S^e 
fc^?^ Tif y ^ds^>/i:VN:^tii3$jK-jKy -^m-a-flc 

[0 0 5 2] :^^m(omm-^v -^m^m^i^t. ±^(d 

Tti. 1#^c|JS^$tl.at>^^-e^i^^v^^^ Ji3£&<z>;«7— ^>• 
mmm(ommti.x\x. m^^ti^mMm^^'^m^^h 
fi^^^^(ox^^tK wmmm^(Dm-!^^mb\^x 

1 — 8 0%;dS^^L.<. 1 0-3 0%j6S$e3f::$?^L 

40 [0 0 5 3] *^^com^^^4^{;i-g-^ix^®$5-iK 
y -^^^mK H»C7L^g^#?L®#at^#-r^ C <!: ^ 

3tj ^ti. M^-TKy-elS-a^fr^^^ili^rKifcSSjiSorcH^^ 

[00 54] mmfmrnk^^i^fL^^m-^)) ^m^-^w 

lU^a^O. 0 5--5 MmT-i^SCi::6Siif^Uu\ 
^L<«. 0. 1-1 /imT-5>5o «#?L@tts 

m^^'^^ (SEM) /^<ifT*, ^M^ii^uyt^Kd- 

50 e>. 2 oe£ilJbif^U<{il 0 O^BJei_bco^i^;ei^^jRi^) 
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[00-5 5] B,i^7tmn^^iismm(D^ii^^. i o 

>^-h(o£ib^i^^mx:^timr)<r>i^ (vo t^b. 
^h\:i^m-7t^v^m^i^<D^ib<>{^ (V2) 
fth(o^vi'cmL.rcw^m (%) (= (vi-vz) / 
Vi X 1 0 0) -e^Oo 

[005 6] y ^m-g^ft: 

[0 0 5 71 ma^^^i::^^ix6^js-3i^y ^m-^^*: 

-3l5c#sm-e^>fbu/<?v^2Ky - t tm^ u 

(PVF) . 2Ky :7ix{be'::iy r'v (pvdf) , 3if 
y ^:^f-:7yv;^-n >^n (FEP) , ^V^<—:7/U 

;^nr/U^yUb'^yU3:. — X/W- ( P F A) J'i <i:\ feoV^i 

[00 5 81 :i<o^xt>. :7/u;^t2r/W'=Jr/i-ai— r/uigg 

^g$r^-ro2Ky-^^sSt»^L<. Du Pont^h 
a f ion. Mit^^MA c i p 1 e x , Mffi^th 



KF 1 e m i o n ^^fi:^^ ^ T/u 

N-^ ^/U— 2 - t'D y KV-. N, N-v?^^/L'^/V:7 

[0 0 5 9] ^fc. mm-^v^m-^»(o^v^ti. 

-l^yit^^V^l^ (PVDF) , 

20 ^tciJi, ^^^.i: UTN-;?<^yU~ 2-fn y Kv. 
N, N-v?p<5^/u^/u:7;j-^v' K. v^T^^yW ^i/v^y- 
2)M^®^&^fT9c, wJ^P><OzKy-e>|:^v^fca^^c 

[0 0 6 0] fl4$J|-2Ky •^m'a^^$:t;l^v^e>i^'5 4<y 
fi. -bfBo:7 5,^i^^^^;|r-r^jKy-^^:?'n h^^^gi 

2Ky (^dE^-^^:7/^;d-c::/^fc•lx>-yr-/>^fc;tr— y-rv). 
[00 6 1] ^teit-4<y -^^-a-^^cosferco^^ttiffStc 

y-^oaSit^T*5/'9 5 --9 5/5;d5^^U<^V>e> 
O/eO'-SS/l SjiS/fj^ t^t^'b^O-C^^o 

[0 0 6 2] ttfi^-dfy^m-a-^^^da^^Mic-flc^t:^^ 
50 m:^i^^-^<>zt{zx^nt>ti^o »SE-2Ky-^ 
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[0 0 6 31 ^mm<r>m^m^\^. vi^^^Simt 

met^ir^tCj^-m^a-^* (me a : Memb r a 
ne Electoode Assembly) 

[0 0 6 4] ^m.^(Dm-w^^'^m^Wi\^^hf\.^^^ 

[0 0 6 5] r(7>:/ci h>'^^fi, i:i20:;^ob^^^ 

11. DuPontthKNafion. M{k:^MAciplex. Mi^^^Fle 
mion^ v^-^/'^>'=rT7' v :^|l:jgiGoa-select/,& if2i5>g«J;^ 

v^oM-^^^^y :7 -/{ktf^ y ^^-fc^^/u^j; 

<03Ky-^fi34^»3'T?/ir<, 2Sjei±602Ky ^o^^a-g-flc-^ 
[0 0 6 6] *^iqoig-igs:a-g'mc^0Ne>tL-5m3^ 
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HmmMi^— h<^>Jl$ll5 0-4 0 0/im;6Sif*L<>^ 

10 0 6 71 mmm^<DmmttL.xit^ itt^tt^ m 

— TGP ->y — X. SOv-y— X. E — TEKttM 
;t7 -/K a ;^ /j^ ^ds^ V > o 

[0 0 6 8] :$:^m^^m^^^ti^mmmtt i^xn. m 

t^O, 0 5 — 0, 4mmXh^iiCr>tm^V^\ 
^U<«0, 08 — 0. 2minT*^-5o 0. OSmmi 

«c<0:tf^::^:i^m^Xi^^. 2. 9MP a (O— «<o®jBE 

[0 0 6 9] mmm»<D^Ht i.xm 0—2 2 o g/ 

in2T*^^(0755^^LV\ cl:>9$f^U<ti2 0— 1 2 0 

s/m^xh^o 1 0 sym2mmxnm&mf<Dmm7!i^ 
[0 0 7 0] mMm^<o^&\t. m^:)im^2, 9mp 

a (^~^/ir®JE^;&P;t:fc:<?:tf^O. 3 — 0. 8g/cm 

^-cfeseoj&sjff^uv^ J:t)if^uv><^rao. 35- 

0. 7 z/ cm^Xh^ . $^tC^f^UV>fi:>f:iO. 4- 
0. 6 g/cm3T*S>^« ^^;&rS]tc:2. 9MPa<7?— 

50 ^<^>m«is«-<^®^d-e>tn[{cj:or5}^i6-5o m®s«- 
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fc. 0: 3 g/cm^J: 19 ff;?#L:S'rp]OS^ 
[0 0 7 1] mSS^ti. m^:^^^--^(Ommzx<>ME. 

il^-^fe^#COjBE;^a:^;d^ 9 8 Pa (lOmmAq) 

i:9^ff^UV^<^^i2 9 P a (3mmAq) iWT-C3b!9. 
$e)t-iff^Ul^<Ott9. 8 Pa (ImmAq) &iTXh 

[0 0 7 2] m^^^<D^Io5i!9 5^$fi. 0, 4 9N/ 
1 Oinmifii^iJi;dW^U<. 1. 9 6 N/ 1 0 mmiBJei 
±;65 cfc 9 $f :i L < . 4 . 9 NX 1 0 mmigJ[^±;5?:i:ic^ 

[00 7 3] #?Ls^m*^v^- h (omm&m^^ loo 20 

xnQ • cm2iJAT"C3b^r l.<, 5 0mQ-c 

i/lROTi^-g'tfm^S^^omm^^fi. 1 5 OmQ • c 
m^J^TX-h^Z.tfim^l^<. 7 OmQ • cm£;T"C 
^c. w 19^:?^ U< . 3 0 mQ • c m2^T-efe-5 

[0 0 7 4] mffi^fcfi, ±l5fc:An;t. SIRWt::-;^ 

8 118 tcsicrao^'t-ao ffl!i^^«o®sr± 1 a k p a 

X% 5o 40 

[0 0 7 5] m&m^(o^m'^y^>^ Ky >-^te^s5< 
mmmmmm^m^^\z-^7t^m[^\^is\.^xm 

mmiJXJidS^^U<. J:*9»*U<>i4. 5 mmJeXJi. 

liii5 3inmJ|^lJiT*&oC L.< . MV^m^:g^Otl 

«^mi±SS^fi3mm7fe?i§T*feoTt>«t>/<tV\ ^fz. so 
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mmmm&mm^Mmmz-i^jL^m^izis\,^xmi^^ 

@S^o^;t^<0 5>f&J|^i_h, L< S-f^J^i, 
»^L<ttl 2i&J|^iLJi^-ro. 5fl^gST-(l. -JSfcjc-- 

fBl$ii:ofcd6fCtt3 Ominl^T;65if^ b< , 15mm^ 

[0 0 7 6] sffistr<^f^j*fc:*5v>r. ^ii^mi^m 

m^-^x^m-r^m^m^. ^n^x^mmm,mm^ 
^mi^^x^^miy^'^^n^m:d^^^o Mmmmm& 

[0 0 7 7] m^^{c:^v>p>ti.^Mli^m^^M^;d5^ 

^mm<75^ti. jKy r^j^i; ni- hP/u (pan) 
— 3 >^y^^mTi^.^^*ia^M^^n'5o ^^;ei^T*t>. pan 
mmm\z<(o-<xmm3k^. ^\mmTW&fi^:k^ < ^ 

tmi^V<. 2, 0 0 O'Ci^TTi^J: >9^fjF^Uv>, 

[0 0 7 8] ^^m(ommmt^\:im^^(btL^mmmm 

ifim) 3m^^a (MPa) 3\ 

mwi^^K (MPa) t(omm7^^^^^msL\^x\^^^<D 

ay (EXD) ^0. 5X10-3 

w^-e. mmsm<o^\mSi^. §l3i»i4^ttj I s R 

7 6 0 KClSgCT^^i-Oo {IW^^ffliO^^mmcOJ^ 
•g-. (a) (b) (DW-^m. ( (a + b) / 

2) SrlE^^-r^o @St^m/ce^^^^mm:d52g^^ti 

ffi^>^V>-5o ^^U<f5a/' (EXD) ^1. 1X10 
-^T-^O. J:l9^ff^U<tta/ (EXD) ^2. 4X1 

o-^r-fe^, 

[0 0 7 9] mmm^cD 

^(Otiib, 0. 7%4^iJiT-^o0255if^U<. ct!9«F 



19 

i±m (E) -e^L^^tr-^Oo 
[0 0 8 0] m^^fc^o^p^i^oMM^m^m^io:>^i: 

[00 8 1] mmsu\zm^^^th^mmmmi^mm<oi^ ^o 

mt&^mn^ 9m&$^(Dm&mt<Ot:itt 2 O O q • m 
^^T;65^^L<. 5 0 Q • mi^T;d^J; i9«^^L<. 1 
5 ;i Q • mJeAT;65$ 6?-^^ H/\ Mt^^m^m^to^*: 
J I s R 7 6 0 itd^DXfTPo mr 

[0 0 8 2] 7K60?^@fc:i:^;if^J£^ . 

[0 0 8 3] m^^fi. ±3£&i^ J: 9 fi^^m^^M^l^i 

[0 0 8 4] mz^ ^^i±^^-r^mm^mw^^7(i^^> 
— hm^m^ii^tixtii^^iLmm'^i^— h^m^^u^^ 30 

[0 0 8 5] mmm^u^t\t.. mmm^t^. 

tt. i^^li^^«>^ixOJ^5 0 — 5 0 0«"Cfe-5o 

[0 0 8 6] m^(o^m^ 

&^m\z^^CX. Sll^MC^^^U «Jt^ii1±:dS/j;./^< 
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[0 0 8 7] :^^m<ommmtn. ^«ci^^#-ro^m 

-^Kv>^^5^^)E^*. t^JlJE^^. 

^ Uv^t>^o-C^Oo ^^^r—^^^/y y^ t\^X 
yt. =¥ir3K2y h%h®i>'Vu>t;>-XC — 7 2, xVU:*>P^ 

i/ii^^^— /U':^8 8 0. i?^^^— /i-Xi 1 0 0. 

i/iJ^-^-^— /i^Xi 3 0 0. /uX2 0 0 

0. y— :^f/U4 0 0. ^-f ::^-:/ttM'5r-/f=-ai>':/^-/>^ 
EC. H^>f[:^^a:M# 3 1 5 0. # 3 2 5 0 ^;6S^tf 

ett, T±i^u:yy^y^ ti^xnmm.^t^jimnmv' 
[00 8 8] mmm^kzM'r<>mm'\&&^<DmM 

^S^^m^^gM^j^ ^ \zjZ^ C Tig:i:^ st>6i^'5-<^t>^o 

-efe^^i^ m^mi^(Dm^itmt\^x\--'S o%iim 

^U<. 2 0-6 0%255$Pjfciff^UV\ m^g^flc 

[00 8 9] mssw«. Jbs«o#mi±^^<z>f5^\ is 

-^^l3it)tcgg</^!5, S^S. Ky Vi/i^^igis^), « 
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{z^i^xmi^^fj:^mzm\^^fitzM^^\^mm^. m 

m^^^^(o^n^ti-^wci^xmsmzm»t uxstD 
z t^>^x^ 10 

[0 0 9 0] mmmm^^^m^^m^^M^^^nt u 
xn. mm^itn^^m^^mizn^m^^mmm'^ 

U<, tztx.^. fr:/U'r/^:3--/U (PVA) . ^ 

(PET) . jKy^^ofcTi^v (PP) , TKy^^w. 

zKy^^^i^v. iKy :^>fbtr^/u. iKy :^>fi::tf:=:y t^^^, 
r^yyu«J!i. 4^y V;$^:x^cof^.'5rg|i4;g^Jli^. 
y-zw^^i^ ^7^:/:»J!g. 

R) , ■:f'^^J:^l^*T^]}uz^hV/\^^m.'^W (NB 

[00 9 1] *:^8gcoM-mSm^fls:3i5@*ii55^^M^ 
Ptnfkt\^xm\i^hf\.^m^. ;t7y-K 

[0092] ccoj:p mmm^\cm^yi^^<D 

T hyy/i^:tuziL^U> (PTFE) . 7^h^>'/U;^n 
^^l-V— .if-i^>'>'^:^^>^^l:'lx>'^S'^^^: (f E 40 
P) . 7- hyyj^±x3^^u>'—^<—y/i':tuT/^^/i^ 
^^/^^—y'/^^M'^^ (PFA) t^t^coyrymm"^^ 

[009 3] ±.m<DX 0 fm^^mw(ow^^\z.»^ 
^^^m-i, 0. i-^-s om^%(o^m\z^^(oi}^^^ 

^fe®05'g•^^^^i^^^/^u^t^ 9}65J;^,^:J^ 0. 
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[0 0 9 4] m^s^tc^D x^tLm^^m^yt. 200 

mtL^x^i^^^m^w^m\^\ mmti^x^m-r^m 
\zm^ \^xmtJbmn^m^m<o^m^ ut^b < ^ ^ 

[0 0 9 5] :^B0J<^M--m«im'g-»^^^3t;3&^?fe^ ur 
P^<om'X'mm\^x^'^-^^tK reo^-g-^^tcoi/^rt 

^i^'5 t>^^"e^^J'<^v^:^^ T/v-x^aSfi 2 0"C~ 2 0 0 
t:> T'W^jEyjfilMP a — 2 OMP a^Xf^^o 

[0 0 9 6] *^§g<^>iis«^^ms^^:6^?3.?fcs 

[0 0 9 7] ^^m<DmmmmM^m\^^t:.^n 

mi^m5^^mmnmm\zis\,^x^mfj:mmx^^ 

^W){^<omj3mif^:t>m^v\^^h<ox^^, m^. mm 

^<y^. hyy^f^ifco^Wim'^^^d^. mm.^£t^hB 

[0 0 9 8] 

mmm] ^T:^^m(omm\z-:>^nmm^m\*^x^^ 

[00 99] mmm i 

(1) ^nsmmi^-hcoiiF^ 

PAU^I^mmm (mvKM^;^7T-3 0 0) arSmm 

[0 10 0] Uctcr(Dt>M*^PFAx>i':=^/'5-v^3 V 
(^-f ^>T.mitM^:^y ui^PF Ax ^ >^/<-i^ 3 
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^a-V— h©i#fi3 g/m^ ^$tt2 0Mm-Cfeo 
ft. 

[01-01] (2) Mm-^v^m^i^(oi^gt 

mS^OAldrichiiiSNaf ion^M ( 5 sS:%) 5 g 

; P t. ;i7-3i<>' ; CabotttjKVulca 
nXC-72, e^iiitl: ; 3 0 w t %) 2 g ^ i -zfx2y<y 

[0102] (3) Mmm(Dif^ 
ttrie (1) -ef^^ufc#^ff^m>'-h^HirfB (2) -c 

fCo rcoMjS^«i?^3 0 Mm. e:&t^^#S:;0. 5 
mg/cm^^ Na f i o nCDfttM ; 0. 2mg/c 

[0 10 3] (4) m-mmm-B-f^ (me a) of^^ 
^lE (3) x*i¥^\.fz^^2^t. mmmtti^xm 20 
tk^Si^^to tzmmmm^m^f^m ( e ~ t e ki^e 

LAT. PFA<Z)##S:2 0%) 2ft, y^x^ h>^^»M 
t LTD u P o n t^tMNa f i o n 1 1 2 trmWil^ 

5 0MPa) ^fT5 wirT^-m^m-g^flcSrf^^Ufco 

[0 10 4] (5) mptmrnrnm 
KriB (4) x^^\^tzm-mmm:^^^'^y<\^-^\z.W: 

:itf::^mmm ; r y — K 7 0 y — K 4 0 %tc 

isi^^xm^-mE, (I-V) iSlj^^^To;t^ - -5. 
m;^li, 6 0 OmW/cm2-C35o]fe:o 
[0105] JtK^J 1 

(1) mmm<Dm:r. 

t\zx^mmm (m^^o^m. &^(dh^& \ o, 5 

mg/cm^, Na f i on(Of^#S; 0. 2mg/c 40 

[0 10 6] (2) m-mmm'B-i^(Di^^^xxfm-m 
MIS (1) xi¥0^i.tzMmm-^^mMmt2^tm-mm 

[0 10 7] z.(Dm-mmm^i^^^-mmi tm^m^ 
xmii^m^'f-mMnmm'^^^^ip^:iaxxj^mi^vtz. m so 



mihti^ 2 0 0 mW/ c m2 T*^ . MS^m 1 (Cit-^T 

[0108] Mmm 2 

(1) #?L@^mi/-h(?^f^^ 

PAN^^mmm (mU'^M-;&T-3 0 0) $:12m 
mi: 1 mmKl^^bfco 1 2 mmtC^^LfcMMffi 

[0109] ftic. c<oti?^% 1 mm\:imm\.tcmm 
ftj^ufco ^f^^j:. 3 7 ot:-c3^r^iiRy!afS^tT 

P F A}65 3Mfi%#^UfcP AN^^^Mmm (1 
2 mm i 1 mm(DaS:it 6 0 : 4 0) 36^ 6 -5 ^?L®^ 

[Olio] (2) te^^-xKy-^^-a^flciDf^^ 

rfr^i^Aldrich^tSiNaf ion^ ( 5 5 g i,::m^ 

Un:^-:^> mm ; P t , jj^-jK^ ; Cabot*t«Vulca 
nXC-72. e^fe^S;5 0wt%) 1. 2 5 g i: i -:7" 

[0 111] (3) m^(DiP0^ 

itria (1) xi^^i.rc^Knmm^^- h^mm 12) x 
f^^Lfctt^-TKy-^S'&ftc^'g'tp^m^jci-g-s^, n 

fco Z<Dm^mnm^2 0 lim, e^CO#^S:;0. 5 
mg/cm2, Na f i on(0-f5f#S; O. 2mg/c 
m^T^ofco 

[0 112] (4) m-mm^^^ (me a) (^f^^ 
itris (3) xi¥^i.ftMmm2^t. mmmttL^xm 

yk^mtrnotzmmmMmm^m^m (e-tek^me 

LAT. PFAO#^l:2 5%) 2ft. 

UTDu P o n ttfcMN a f i o n 1 1 2^^ScU 

fco nMm^/^mm/^^ v:y^imyf^mmywm 
mi^:i<omxmm\^. w^':^^^^ c^asi 2 or. 

5 0 MP a) ^tTPri:T*Jg-m®m'&«c^f^^Ufco 
[0 113] (5) «^i|Sfm?&fFffi 
tulB (4) T-f^^UfcM-m^^g-^*^^^<l— i5^f-* 
^@*i^55'^M^J(£l'm?&'fe>'^^f^^Ufco r<^i^j|si-m?& 

; ry— K7 0%/;«7y~ K4 0%lc 

tt5;^?tt. 6 5 OmW/cm2-efeofco 
[0114] itg^^J 2 
(1) ^JLS^mv—h^Of^fi^ 
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PANS«*SKIi (mvS!M^;i7T-3 0 0) ^12m 

[0 115] m^. :i(oipm^^ 1 min\:immvrzmm 

[0 116] (2) M^-2Ky ^a^friOf^^ 
miKmidrich^Nafion^ (5fiS:%) SglC^JK 
fii#;<7 — Tjf^ ; P t. — /ifV ; CabotifcS^Vulca 

nXC-72, e^fiit J: ; 5 0 w t %) 1. 2 5 g <i: i 

[0 117] (3) mmm(oif^ a 
mm (1) -ef^^ufc#7L®asmv'-h^ffiriE (2) 

fco w(?5«jKettJ¥^8 O/zm, ei^<OM^a;0. 5 
mg/cm^, Nafio n<Oft#l:: 0. 2ing/c 

[0 118] (4) (ME A) (Dj^^ 

Wm (3) T-f^^Ufc^^2ft^^V\ ||3fS^2^|^ 
^JcM-m«m'8'fls:^f^J5feLfCo 30 

[0 119] (5) mn'm,mmm 

tjie (4) xi¥^i.tzm~mmm^i^^^y<i—i$^\c^ 

#"Cm«£-mjE (I-V) i[|;^^fTo3t^r5. :&iS5ttS 

3 5 0 mwy c in2 -efe «9 . s^fbi^ffi ^ im» 

[0120] mmm 3 
(1) ^iLwmm->-h<Dj^^ 

PAN^j^mmm (mi-'SbV';^T~3 0 O ^6mm 

[0i2i];^fe:. :i<D^f^^^:^-'^iy^^>y^ 

^) ^^^LfcPF Af^^Xy^— v?3 V (y-f^r^^X^ 
%hM'^^:7cz:^PFA7^^;^^N-— v^3» tc-g-gu. ft 
SlU^ho 3 7 0'C-C3^l^fR^a;3SSrtTV\ T-t: 

5='W'>->^^:x:^^255 5aS%. PF A;d5l oa:&%f^^L 
fcP AN^^^^mm;ei-e>^j:S#?LS^m'>- h^f^^ 50 
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Jil 3 /im-e^ofco 

[0 12 2] (2) ^^-2Ky ^a-g^flcco^^ 
rtTlS^DAldrichiiiKNafion^ ( 5 fia%) 5 g {C^gg 
(ttgj ; P iK^' ; CabotttKVulca 

nXC-72. e^^^l: ; 4 0 w t%) 0. IS^t^-^y 

[0 12 3] (3) fmm<oYf^ 

fJJiE (1) -Cf^^Ufc^7L®^lii^~ h^ttrfs (2) -c 

fCo r(0^jg|®tiil;^l S^m. e:&t^>W%fi;0. 4 
mg/cm^^ Na f i o n<0#^# ; 0 . 3 2 m g/ 

c m2-t^^ofCo 

[0 12 4] (4) J^-mSS-^^ (ME A) f^f^^ 

MB (3) "Cf^^Ufc««OT2tt:^. mffi^iUTS 
7K^3g$:?Tofc^^mm^)Sf:^^i^ (E-TEKthKE 
LAT. PF AC>#tfi:2 5%) 2«:, IT^nhv^^ 
^UTDu P o n t^iJ^Na f i o n 1 1 2$r,^SU 

m^^^comx^mi.. ^-^y^:^ (?^i2ot:. je;^ 

40MPa) ^no:^h -CM-mSm-a^^*:^^^ UfCo 

[0 12 5] (5) ms^mmm 
MiB (4) ■cf^^Lfej^-msm-^^^-fe^^i^-iJ'tci* 

-fe/w^r-t/uiaa ; 8 or. i«J|sf;{/>^ ; tK*. K>fb;^;^ ; 

7 O.OniW/cm2-C3bofco 
[0 12 6] ItK^jS 
(1) ^^t^^X 

MMms (2) tcj3^/^"C. — /i'^;&Dx-rt^f^^u 

PFAdS2 Oai:%^l Omg/cm2#«U^) Jifd 

;0. 4mg/cm2, Nafio 
n<DH^M;0, 3 2mg/cm2) o^mS^Srf^ 

[0 12 7] (2) m-mMm^wcoi^0^:ioXxj^wm 
mm (1) xiP^i.itmMmo^mmmt2^tmmm 

h:y^m^\zMi^^^x. mmmH^mmmt/^^n h 
[0128] :i(om-mMm'^i^^mm9} 3 1 m^m^ 



(15) 
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(0 12 9]||JS^J4 

( 1 ) ^^La^Sv-- hof^^ 

PAN^^^i^^ (mvS M^;5;T- 3 0 0) ^ 3 mm 
^0. ImmJ^I^Lfco :i(D3injn\zmm\^timMl(M to 

[OiaOl^fcf-, rcO0?^#:^O. ImmfC^^^Ufc 

-g-^U. au^Ufco 3 7 0*CT-3^rB^^S^ 

?tV\ PFA^5 3SS:%#«rLfcPAN^^3gMSg^ 
(3mm<?: 0. 1 mmCOSSrltS 0 : 2 0) t^h^X:^^ 

[0 1 3 1 J (2) M^-:Ky-e:S'a'^c^^^ 
m^OAldrichttMffaf ion^^^ ( 5 5 g tcM*^ 

^n-^—^l^ mWk ; P t. ; Cabot^tSlVulca 

nXC-72, Sr^SI^S ; 5 0 w t %) O. 6 3g:§r^<a 

to 1 3 2] (3) fmm<o^^ 

ffJIS (1) t?f^^Lfe^?LasS'>— hifcttris (2) 

g^-sKy^m-a^flCidS-^Dl^itir/^ojt. SSirT^/^v-- 
hco^^^f^^UfCo CcO«ig^fii¥;^^2 0 /im, 
ifecOf^#g ;0. 4mg/'cm2, Nafio nCO## 
:&;0. 3 2mg/cm2-e^bofco 

[0 13 3] {A) ^mm^(D^^ 
hm^m^^^ {Mwmm (m m. ib^^m&o, i4 

sXcmK W-^m^^l 0 075^2 0 O /im) Sr. Sfi 
it-ei : ifcxg^b. h y ^-i^;&/^7K^>-7<^/l'ir/^ 
otCo w<0#?L®#mv^— h$:^^*T*2 O 0*C. 3 0 
^iOlRiGiSSrffofc^. PFAy'-f ;^x<":^3 (^::^ 
:7a>PFAy^^;^^'?-v?3>'. ^>^XS»5^#ti: 

fCo $ e>fCC(Dv— h^. 1 4. 7 k P a (0. 1 5 k so 



gf/cmZ) -c^rajEu^^2i5e>4 0 ot:. s^r^ico^ 

0mS%. P F AO#tgfil 5fil:%T*^ofCo 
[0 13 4] (5) m-^m-^i^ (MEA) (Df^^ 

tine (3) T-f^«ufc^iSS2tfc. itriB (4) -ef^^u 

fcmSS«*2«:. h>'3^^^ UTDu Pont 

tfcSiNa f i o n 1 1 2$:^SUfco mSS^/M^ 

^ZT'v;^ 1 3 OX:^ &tl5 OMP a) 

[0 13 5] (6) ^m^&^^ffi 

^:!^mm^ ; r y - K 7 0 K 4 0 %{:: 

is\.^xmm-m& (i-v) ^^^frofctr^. sss 

a3;tyfi. 5 0 OmW/cm2T-S>ofCo 
[0136] it«^J 4 

(1) mmm<Dmj: 

mmm^ (2) ^cl±5^/^Tf^^ufc^M-7Ky-^m'^#:^ 
-g-A/fc-^MS:?^^. mmm4. (4) T^^ufc^?L®^m 

0. 4mg/cm2, Na f i on 
<^#tS;0. 32mg/cm2) o#mffi^^f^^£ 

[0137] ( 2 ) j^-ma^'a'^cOf^^:JB J: U5f?^ 

tm (1) T-f^j^ufe«iKSotmssH-2ft<hiiis^j 
h>i$^^\cM\^^^x. Mmmi^^mmmt/zfn h 

[0 13 8] ziDm-mmm-^i^^mmm^ tm^km^ 

i^tB;^ 3 5 0 mW/ c m2 T*fe . MMm 4 {Cit^T 

i^m@±fc;to — jK> :y 7 5/ ^ ^SX Ufc r i: d^ij^H % 

[0139] 5 

(1) #7L®^mi/~hcDf^^i^ 
PAN^S&f^^{l:;?i^^MmmfC;«7 2/ hU-C;!&-K>fbUfc 
^> h^-^V^^^i/^fctilT^^^feiDX 

1 6 0 o^^cr^jt:M^^^Tofco :i(Dm^m^^ 

y<-Z^a> (^-f ^^^^XJgtfc^jK y ^i3>'TFE7*-f ^ 

^n'-v'hV') fc^su. ^j^ufco 4oot:-c 
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p T F E d5 2 0 mM%nm p AN^^mmmm^m 

[0 14 0] (2) ^jK-JKy-^m-g-ftcOf^^ 
TfTlSt^AldrichihMNaf ion^l^ ( 5 mS%) 5 g \Z.m^ 
mM: ; P t. ^—^l^ ; CabottfcMVulca 
nXC-72. Sifefii^S ;50wt%) 0. 83g S:j&Dx.T 

fco 10 

[0 14 1] (3)^|Ul£Of^^ 

1915 (1) T-f^j«L3t^?LS^m^>-hJztc:ffirlB (2) 

^(D^^-Ml; 0. 4mg/cm^ Na f i on(^## 
S:; 0. 2 4mg/cin2t?5!>ofco 

[0 14 2] (4) m-mMm.-^^ (mea) (d^^ 

MIE (3) T-f^^Ufc^iSii2«:<b. Sffi^^^UXS 2D 

TK^as^^To tLmMmm^-^<- (m i-mt g p - h - 

0 6 0) 2ft. h^^-^^mt UTDu P o n tth 

s^Na f i o n 1 1 2$r^sLfco mMmtymMM/ 

IRi::^^;^ (i@J[i 5 ot:. JE;^5 OMPa) ^fjp ^i: 

[0 14 3] (5) i^JlSfm^fF^ 

:;«/;^^J^^ ; ry— K7 0%/:^;y— K4 0%*c: 

i5v^rm^f^L-mJE (i-v) m'^^n^it.t:i^^ SAs 
[0144] m^m 6 

(1) #?L®^SV-h<of^^ 

PAN^0#f^|>^l::^$:MM^ite:;^7 5/ h ur;^?- K-fkbfc 

1 6 0 0•C^::T^^b^M^^TV^. ^ILWmm^^- h 

m2, @^«l 0 ^zmT'^ofCo 40 
[0 14 5] (2) tt^-dfy^ia-&#:60f^^ 
PTFE-T^-r^^^— v?3 V (^J^-r^VX^^tM^j^y 37n 

; P t . ;<7— 4?:^ ; CabotttMVulcanXC-72. 

[0 14 6] (3) ^i^Of^^fe 
SftiS (1) -ef^^bfc#7Laa|||v'--^j-^|^l5 (2) 
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fco w(OttjSE®^rfT|g(OAldrichttKNafion^ (5S 
S:%) tCl-g^, ^UT^n h V^^Jtry-^^-i'tfMjg 
^^f^^LfCo C<Z)M^«J1^1 5 ;/in. 
a:;0. 4mg/cm2, Nafi on(^#tS; 0. 
2iiig/cm^ PTFE(Z>##S: ; 0. 2mg/cm2 

[0 14 7] (4) m-nMm.^i^ (mea) of^^ 
ffjiE (3) x^^vtL^mm2^t. «s^<bbTM 

TKiaag^rfTofe^^mmil;^®^^^ (E-TEK^t^E 
LAT) 2ft, h>'3^^^ bTDu P o n t tt 

KNa f i o n 1 1 2^>^lrLACo Wm^/fmM/ 

Wt^fyy:^ (iaSi4 0t:. jBE;t»5 0MPa) ^fr^wi: 

[0 14 8] (5) m^MMMm 
iui2 (4) xYfA\^tz.m:-mmm.^^^^^<\>--^\z.^ 

;t^;^f«J;^^ ; ry— K7 o%/;?7y— K4 o%{^: 

:fct.^Tm»^~miE (I-V) mm^notibz.^, 

^M^. 6 0 0 mW/ c m2 "Cfco fco 

[0149] mmrn 7 

(1) #?L!g:^mv^-h6of^^ 

"Tlyio^^-y^) ^^mUfcPVDFtON-y ^/i-fc'n 

®^mv^— hC0S#tt4 g/m2, J?Sfi2 0 /im-efe 

[0 15 0] (2) mk-'^^)^^^W(OY^^ 
rlTISOAldrich^Nafion?^?^ ( 5 m:^%) 5 g \Cfm. 
fiif (M^ ; P t . ; CabotthSiBlack 

Pearls, fi^fi^fi: ; 3 0 w t %) 1 . 0 g ^ADxlT^ 

< m^\^xfm.-^')^m.%^^'^tJi^'mL^mm\. 

fee 

[0 15 1] (3) fmM(o^^ 
ItilE (1) T*f^^Ufc#?L®^mv"-h^mnB (2) 
f^^UfcM^^-zKy^ffl-a-i^^^^tfi^^m^^fCl^g^. ^ 

fCo r<7>^^fii?;^2 5 M 6:^Oft#l:;0. 4 
mg/cm^, N a f i o n<^#^fi ; 0 . 32ing/ 

[0 15 2] (4) j^-m^^'g'* (MEA) <^f^^[£ 

hSI2 (3) ■cf^^Lrc^^2fti:. nmm^hx^x^ 



(17) 
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0 6 0) 2ft. h UTDu P o n t^i: 

a f i o n 1 1 2 ^^SbfCo m^S^/^^/ 

myi^^ (^1 3 0*C. mtiS OMPa) ^^Tprir 

[0 15 3] (5) ^3f£fmMf?a 
MI5 (4) l?f^^L.feJK-SS«^*^ir^N-l^-^tc» 

. -fe/u^-fer/uta^ ; 7 or. ^Jisf;e/;^ ; tK^. mt:;if^ ; lo 
;3Cf:^$»J^^ ; ry — K 7 0 %/;(7 y — K 4 0 

i5v^Tm»g-mJE (i-v) m^^n^tLtzh^ mm 

£fl;^tt. 6 0 OmW/c m2T-&ofc« 

[0154] mmm s 
(1) ^?LS#mi^-hof^^ 

K/uy-^^^v^^^&fCT^^^S^^JDXU. 14 0 0 
Atmtf^ofco 20 

[0 15 51 (2) mm-^))^m.'^v^(o^^ 

miSOAldrich^fcS^Nafion^M ( 5 ^^^U. 

(fiiiK ; P t . ;«7— 3}?^^ ; CabotttffiVulcanXC-72. 
fel^S:;5 0wt%) 1. 8 8 g ^;t;nxT^<S^UT 

[0 15 6] (3) mmm<D^^ 

t&IE (1) -Cf^^Ufc^^LH^mv— hSrMIB (2) -C 

0. 3mg/cin2, Nafio n(DH^M ; 0. 2 4 

m g / c m2"C^o:/^o 

[0 15 7] (4) m-mmm^i^ (me a) (of^^ 
mm (3) -ef^^byh«j^2fti:. mM^^bx^ 

0 6 0) 2ft. >^i3 h V3^^^ UTDu P o n t %f: 
^^Na f i o n 1 1 2^^Sbfco m^S^/^^/ 40 

y^ h>^i^9mymmmymmm^^z(omxmm\^. 

my^:^ (m^l 5 0*C. ffi;^5 OMP a) SrtTp w J: 
[0 15 8] (5) J»3fSFm?&f?ffi 

^A^tr^^i^WLM ; 8 or. Bl^:^^ ; tK^. Kfb;«/>«^ ; 
:tf:;^mm^ ; r y — K 7 0 y — K 4 0 

i3-i.>Tm2f^-mffi (I-V) m^^n^itt:!^. mm 

tb;^fi, 7 0 OmW/c m^X'^ofCo so 
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[0159] ^^SJ 9 

(1) ^mm^^mtonFOL 

jvxx^T. (CMC) immz^^^^^tL^ :i<o»mm^ 
^±icS?«i-s zt\zJ:^prF Eip»»^jip^ u 

[0160] w<Og>gE*fc^ 3 7 orXSNprnnJE 

^mOS#«l 0 g/m2, J5$J^2 0;zmT-feo:fco 

[0 16 1] (2) mm-^v-^m^i^cDi^^ 

Tf7|£(7)Aldrich^t®Nafiong^ ( 5 mS%) 5 g {d^jK 
fe^^;i7— 4<> mt^ ; P t. ; Cabottt^Vulca 

nXC-72. e^^^S;5 0wt%) 1. 2 5g^i->^ 

lo 16 2] (3) mmm(oi^^ 

WIS (1) T-f^^Ufc^ai^-l^iflj^^il^ (2) -ef^^ 

mm\^m^20 iim^ e:^<^>##S:; O. 5mg/cm 
2, Na f i onCD^^M; 0. 2 m g/ c m^-Cfco 

[0 16 3] (4) m-mmm^{^ (me a) (of^^ 

fuis (3) xi¥^i.tzMmm2^t. mmm^ti^xm 
:^^m^n-=>tzmmmm^m^mm (e-tek^l^e 

LAT. PFA<^>##^2 5%) 2ft. h^^^M 
LTDu P o n tttMNa f i o n 1 1 2^ffiSU 

Ado m®^/tej^«/3^n h>^^^ymmm/m& 
mu^z<omxmsi^. m^i^:^ (t&^i sot;. BE;^ 
5 OMP a) ^tf 5 c^xj^-maa-g^^^^^bifco 
[0 16 4] (5) j^mmmwm 
itna (4) -ef^^ufcM-m«^'^»^-^^>i^-^?^{c^ 

■t/u^-fe/uia^ ; 6 or. B)^:^;^ itK^. ^>ft:;«';^ ; 

; r y — K 7 o y — K4 o %tc 

*5u^Tma£-mjE (i-v) m^^^otztz^^ siu 

6 5 0mW/cin2-C^o>Su 
[0165] itg^M 5 
(1) «j«®<OSX 

H^^JS (2) iCi5V^T. i ->^n^^y— >ri.$:J!iii;ti*tC 

^Clil'P^i^ (m^SOfim. ^^(On^Si ; 0. 5 
mg/.cm^. Na f i on<DH^&.; 0. 2mg/c 
m2) 0^mS»»^f^^£Lybo 

[0166] ( 2 ) K-mS«'&fr<^>f^^:fc J: i;^^ 

Btrfs (1) xi¥^i.rcmmm-o^m,mmt2^tmmm 
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a) t:no:itx-m-'mmm^t^^i¥&i.ti. 

lo 1 6 7] -(om-mmm^^^^m I. itm^ 

ftiS5ai;^7tt2 0 omw/cm2-e^D. Mmmsiz 
(1) ^mm^m^<oi^^ 

15m m;55x_"bi^;to 

[0 16 9] (2) mm-^v-^m^t^coip^ 

mig<OAldrich^tSNafion^ (5mM%) 5 g (C^^ 

fe^^;«7— /i?^- ; P t . ^ — • Cabotlt^Vulca 

nXC-72. e^fi^^fi: ; 5 0 w t %) 1. 25st^^y 

[0 17 0] (3) mm(DiiF^ 
mm (1) xj^gti^tz^mm^^^^mm (2) xf^^ 

iSkM\'±M^l 5 iim^ ^^(Of^^M ; 0, 4mg/cin 
2^ Na f i o n<Dft^M ; 0. 1 6mg/c m^-C^o 

[01711 (4) j^-mffiS-e-**: (ME A) (Df^gt 

mm (3) T-f^^uy^cMj^2ifci:. mss^^ur^ 

LAT. PFA<0##fi:2 5%) 2tfc, :/crhv^5^ 
UTD u P o n tliiMN a f i o n 1 1 2 ^MMl^ 

5 0MPa) ^ffo::itxm-mmWL^»^i^&\^tLo 

(0 17 2) (5) i^nmmwm 
mm (4) xi^^\^rc,m-mmm'B'i^^±y<i^—i$^{cm 

; 6 or. J^^;tr;^ ; tK^. ^{L^;^ ; 
;tf ;^?JJ^^ ;Ty—}^70 y — K 4 o 

fcv^rm^i^-mffi (i-v) m&^notitz^^ mm 

tH;^li. 6 5 OmW/cm2-e^>o;/to• 
[ 0 1 7 3 ] 6 
(1) ^TLS^mv- 
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FEPI^ (J[UKh3>^crv) ^3mm(C^^UfCo 
rOSmmJC^^UifcM^^PF A^iKy If— /ur/U=i 

Jca?^i-o ^ ^ J: 9 P F AS^^S?^^f^^ Ufco 
[0 17 4] z(oip^t:. 2 5 o*t:-C3^fSia 

v'-h(D@#fi4 0g/m2. ®$tt8 0/im-Cfeo 

[0 17 5] (2) mm-^v^m^i^(oi^^ 

10 mifimidrich^tSNafion^ (5mfi%) 5 g 

jKV ; P t . jK>' ; Cabot^fcfflVulca 

nXC-72, S^S^^S ; 5 0 w t %) 1. 2 5g<!:^i5'y 

[0 17 6] (3) «43!Kiiof^^ 

mm ( 1 ) r-f^^ l fc^^^m^^^ m ^ttriB' ( 2 ) xrf^ 

20 ^S*^lp;^8 0 At m, et^COft#S;0. 4mg/cm 
2^ N a f i o ntO#^fi ; 0 . 1 6 m g / c m^-Cfeo 

[0 17 7] (4) ^-mSM-^^*: (ME A) <Dj^^ 
mm (3) T*f^^LfcM^2tfc^^V>. ^:^^J10^ 

[0178] ( 5 ) mnmrnwrn 
mm (4) xip^i.rzm-m&m^i^^±y<i—i^\c^ 

^i^xmM-mj£ (i-v) m^^n^tzt,^^. mm 

30 tU;^fi. 3 5 0 mW/ c 19 . Stelt:^^®:^^:;^^ 

[0179] MMm 1 1 

(1) 0mmi^m^(of^^ 

PTFE«^ (^l^Kh3:7nV) ^emmfr^^L 

9 P F Amme?^flc^f^^ Ufco 
[0l8 0l^(;i, r(DS?3K«c$:;&-2Kv>^7 3^iJ'i:U 

im^:^yv2:>^PPA'r^^y<—i^3» *c:#SU. n 
J^Ufdo $e>{^. 3 7 0*CT*3^Pp1^3g^m\ ^- 
^:^zf7iy^(oH^Mt^ l oaS:%oPTFE^mTi;6^ 

[0 18 1] (2) mm~^V'^m^i^<oi^^ 

rt3|£(^>Ald^ich^l:jSNafion^^S (5^1:%) 5 g tcMM 
fii^;*?-^?^ (nm ; P t . ; CabottfcSSVulca 

nXC-72. e^^fi^^l: ; 4 0 w t %) 0, 7 8gi:^^5'y 

50 -/u^mk,. Si<mw\.xmm-7t^v -^m-B-i^^^t^^ 



35 



(19) 
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[0 18 2] (3) ^mm(oi^^ 

mfl5 (1) :Cf^J^bfc^m^tu1B (2) T-f^^Lfc^^ 

1 5 Mm. &^(OH^M ; 0. 4mg/cin2, Na f 

i o n(D#tS ; 0. 3 2 m g/ c m^-Cfeofco 

[0 18 3] (4) j^-m^m-e-^ (ME A) (Di^^ 

mm (3) -ef^^bfcMMii2tt:^, mmmttvxist 

LAT. PF AC0#^fl:2 5%) 2*^:. ^uh^^S^ 
tLXDu P on t^tSiNa f i o n 1 1 2^^SU 

5 0 MP a) ^ff ^-CM-mSS-g-flc^f^^Ufco 
[0 18 4] (5) ^JlSfm^fHffi 
frIB (4) T-fP^LfcM-mSS^flc^-fe^^U-tJ'f^iat 

:5^?iJ>^^ ; r y — K 7 0 y — K 4 0 
i3V^TS^-mJSE (l-V) PJ^^tro/Lirr^, 
7 0 OmW/cm2T*^o:fe:« 
[0185] Slig^J 1 2 

(1) ^^mii^m^f^^ 

PTFE^i (mi^Mh3:7n>') >^3mm}cm^L 

fco c CO 3 mmfcag/f x.tLmmm p T F Emmco^5^s 

PP^PTFE^^#fCo 3mm<^^mmPTFE^PP^P 
TFE$rCMC7K^M{-5^«t$-^> C(0^tfi:'f^^&^_h 

[0 18 6]^^fc:. rcDS^ISv-— h$r. 3 7 0t:i?3^ 

r^gsyjafS^iJi. M#^tTV>PTFE;6^e>^j:'5^^mi^^ 

H^fil 0 nmX^otL^ 
[0 18 7] (2) 
miS(0 AldrichttffiNafion^?^ (5SS%) 5 g (C^M 
^^$;i7— JJO- (M^ ; P t. :t3—^> ; CabottfcSiVulca 
nXC-72. ^^^nm ;50wt%) 0. 63g$:a<S 

[0 18 8] (3) j54jlttM<Of^J* 
miE (1) r-f^^Lfc^TLS^mv'- h-bfct&IS (2) 

0. 4mg//cm2, Na f i o ntOf^t 
M; 0, 32mg/^cin2 ^Cfeo ^tio 

[0 18 9] (4) mmmucoi^^ 



g/cm3, ^F^^i^l 0 0:3f5^2 0 0 /im) t:. MM 

«?3tU^Co 7K5^^^*i-o@6«jT. V— h^2|$:<Diit|g 

10 ofco w(O^^L®^mv^— h^^^^-C2 0 Ot:. 3 0 

7uiyPFAv'^:^y<—i^3>^ ^>xm^^^^ 

fCo ^ ^{CCCOv— h^, 14. 7 k Pa (0. 15k 
gf/cm2) -e:&nJEU/^365e>4 0 or. S^f^tDSjAAn. 

mSS$t^jH3tUfCo PFA(0##S:ttl5 

[0 19 0] (5) M-mSm-^ft: (ME A) (Dj^A 

mm (3) r-f^^ufc^^2tfi[. mm (4) rf^^u 

20 fcmS&H-2tt:. ::?^n h^-5g^<J: UTDu Pont 
tfciKN a f i o n 1 1 2 Ufco m^^/«^ 

^>^V;:^ (i^lSOTC, jE;^5 0MPa) ^frp 

[0 19 1] (6) *mii?&f?ffi 

MIS (5) xi^^i.tzm-mmm^i^^±y<\^-i^ 

;^^fij>^^ ; ry— K7 0%/>^7y— K4 0%{c 

30 :fow^xmac-mBE (i-v) m^^n^tctz^^ mm 

tfi^Jfi. 5 0 OmW/cm2-efco:fe:o 
[0192] Mm^i 1 3 

(1) ^^mii^mfof^^ 

p AN^mmt^^Mmmc^ hi.x^-vitvrc. 

fco rc^Mf^-fk^^^oeftttl 0 g/m2. e$W:2 

[0 19 3] (2) teiK-^y-^m-g-fls^cof^^ 

TfTlgOAldrichihMNafion^M ( 5 mM%) 5 g 
40 Un^--7j^> mm ; P t . ; Cabottfc^Vulca 

nXC-72. e^fiitS: ; 5 0 w t %) 0 . 8 3 g ^iDx.T 

[0 19 4] (3) «j«S<7>f^^ 
Itjl5 (1) -Cf^^£Ufc^?L«^mv— h±tc:MlS (2) 

so (D^mm^-tm^l 0 nm^ 6^<O##fi:;0. 4mg/ 
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c m^, N a f i o n (Off^& ;0. 24mg/cm2-C 

[0 19 5] (4) m~mmw.^i^ (me a) (or^^ 
mm (3) T'f^^ufc^^ 2 mmm$tt]^xi^ 

0 6 0) 2tt:. h>^^,b UTD u P o n 

SiNa f i o n 1 1 2^^^LfCo mS^/MM®/ 

By^^ (Wl^I 3 or. EE:^5 OMP a) ^^oZt 

[0 19 6] (5) Jj^J|Sfm?&^« 

MiE (4) x*i¥^i.tim-mmm^i^^±y<u-ip\z^ 

;<f j:^$tj^^ . 7- y — 7 0 V — K 4 0 %tC 

^3v>TmsD-mi£ (i-v) ai^^^T.ofc^r5. ;aii5 

ti5;^fi. 6 0 OmW/c m2-efeofc« 
[0197] HJS^J 1 4 

(1) ^^mi^%m(7>f^^ 

PTFES?|fti*: (E>ll|]S^h^->^T-f ^'5^^:^FP- 
5 0) ^lif*U B^fiS g/m^ ^?$(il 5 m<0 

[0 19 8] (2) mtm-^v-^m^i^(oi^^ 

>'TFE•r^;^^^•->?3 V) (« 

; P t . ;«7— aK>' : Cabot^h5^VulcanXC-72. S^fe^ 
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